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(54) Exhaust gas purifying system for diesel engine 



(57) An exhaust gas purifying system, which is 
equipped with a catalytic converter having a NOx 
absorbent capable of absorbing NOx emissions in an 
excessively oxygen concentrated atmosphere and 
releasing NOx emissions absorbed therein in response 
to a drop in oxygen concentration of the exhaust gas, 
estimates a level of NOx absorption of the NOx absorb- 
ent and, when the level of NOx absorption has reached 
a predetermined level, while controlling an air-to-fuel 
ratio to converge at an approximately stoichiometric air- 



to-fuel ratio, divides the amount of fuel that is to be 
sprayed into two parts for early split fuel injection which 
is made at the beginning of an intake stroke and later 
split fuel injection which is made at an end of a com- 
pression stroke following the intake stroke. While the 
engine operates in a high engine load region, an intake 
throttle valve is closed so as to decrease the amount of 
intake air that is introduced into the engine. 
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Description 

[0001 ] The present invention relates to an exhaust gas 
purifying system for an engine, and, more particularly, to 
an exhaust gas purifying system equipped with a fuel 
injection control feature suitably installed to a cylinder 
injection-spark ignition type of diesel engine. 
[0002] Typically, three-way catalysts are known as a 
catalytic converter that simultaneously and quite effec- 
tively lowers levels of HC, CO and NOx emissions in an 
exhaust gas from an internal combustion engine to 
purify the exhaust gas at an approximately stoichiomet- 
ric air-to-fuel ratio. In gasoline engines, this three-way 
catalytic converter is used and, at the same time, fuel 
injection control is generally made to control an air-to- 
fuel ratio around the stoichiometric air-to-fuel ratio in 
most of the operation regions except for a full-load 
region and such. However, a diesel engine's air-to-fuel 
ratio is set to be in an extremely lean state (for instance, 
A/F ^ 1 8) in any usual operation regions, so the three- 
way catalytic converter cannot be used. Furthermore, 
when the air-to-fuel ratio is in the lean state, oxygen 
content in an exhaust gas becomes extremely high, so 
that it is difficult to reduce NOx emissions sufficiently in 
such an atmosphere and purify the exhaust gas. 
[0003] Accordingly, there is a technology that uses a 
so-called NOx absorbent that absorbs NOx emissions 
in an excessively oxygen concentrated atmosphere with 
more than a predetermined content (for instance, 4 %) 
of oxygen in an exhaust gas and releases the absorbed 
NOx emissions when the oxygen content decreases. 
However, it is necessary to carry out so-called refresh- 
ing that is referred to releasing the absorbed NOx emis- 
sions before the absorption capacity declines, since this 
NOx absorbent has a lower absorption capacity due to 
an increase in the absorbed amount of NOx emissions. 
In an exhaust gas purifying system for a diesel engine 
disclosed in e.g., Japanese Unexamined Patent Publi- 
cation No. 6 - 212961, unburnt fuel (gas oil) is supplied 
to an exhaust gas as a reducing agent when the above- 
noted refreshing is must be carried out, and the oxygen 
content of the exhaust gas is lowered due to the con- 
sumption of oxygen by the reducing agent. In other 
words, in this case, a small amount of fuel is injected 
from a mid-expansion stroke of a cylinder to an exhaust 
stroke, in addition to a normal fuel injection process. 
This fuel is activated by a high -temperature burnt gas in 
a combustion chamber and strong reducing properties 
are then added, thus releasing NOx emissions from the 
NOx absorbent and sufficiently reducing the NOx emis- 
sions to purify the exhaust gas. 

[0004] In order to control generation of NOx emissions 
accompanying combustion of fuel, the peak of combus- 
tion gas temperature in the combustion chamber is gen- 
erally lowered by recirculating partly the exhaust gas to 
the combustion chamber through an exhaust gas recir- 
culation passage which mutually connects the intake 
and exhaust systems of an engine. However, in such the 
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case where the exhaust gas is recirculated, as fuel 
injection is carried out from the mid-expansion stroke to 
the exhaust stroke as in the prior art systems mentioned 
above, a large amount of fuel that is delivered is recircu- 

5 lated into the combustion chamber in the unburnt state, 
thus causing various problems. In order to prevent 
these problems, in an exhaust gas purifying system for 
the gasoline engine disclosed in e.g., Japanese Unex- 
amined Patent Publication No. 8 - 200045, a large 

to amount of unburnt fuel is prevented from being recircu- 
lated by closing the exhaust gas recirculation passage 
when fuel injection is carried out for refreshing the NOx 
absorbent particularly in the low-, mid-load operation 
regions of the engine where a large amount of exhaust 

75 gas is admitted. Moreover, in an exhaust gas purifying 
system for a diesel engine disclosed in e.g., Japanese 
Unexamined Patent Publication No. 7 - 279718, in con- 
trast to the above-mentioned two prior art systems, an 
average air-to-fuel ratio in the combustion chamber is 

20 periodically switched to be in a rich state for refreshing 
the NOx absorbent and, at this time, by reducing the 
amount of intake air introduced into the combustion 
chamber and increasing the amount of fuel injection by 
a complementary amount, fluctuations of engine output 

25 which are caused due to the decrease in the amount of 
intake air are controlled. 

[0005] However, in the case of the first two prior art 
systems described in Japanese Unexamined Patent 
Publication Nos. 6 - 212961 and 8 - 200045), fuel is 

30 injected after the mid-expansion stroke for refreshing 
the NOx absorbent, and most of the fuel is unburnt and 
discharged from the combustion chamber, so that the 
deterioration of fuel consumption is serious. In case of 
the third prior art system described in Japanese Unex- 

35 amined Patent Publication No. 7 - 279718, fuel is peri- 
odically burnt with an approximately stoichiometric air- 
to-fuel ratio although which is temporarily, so that a 
large amount of smoke is likely to generate. 
[0006] The present invention has its primary object to 

40 provide an exhaust gas purifying system for a diesel 
engine which keeps the NOx absorbing capacity of an 
NOx absorbent reliably stable without significant aggra- 
vation of fuel economy or consumption nor increasing 
smoke, which is realized by devising control of a fuel 

45 injection timing while refreshing the NOx absorbent. 
[0007] In order to accomplish the above-noted 
objects, the exhaust gas purifying system of the inven- 
tion includes a NOx absorbent installed in an exhaust 
passage of an engine which absorbs NOx emissions in 

so an excessively oxygen concentrated atmosphere in 
which oxygen concentration in exhaust gas is high and 
sprays an amount of fuel through several times of split 
fuel injection in an engine operating state where the 
NOx absorbent releases NOx emissions in response to 

55 a drop in oxygen concentration in the exhaust gas, in 
other words, in a state where an air-to-fuel ratio in the 
combustion chamber is close to or lower than a stoichi- 
ometric air-to-fuel ratio. 
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[0008] Specifically, the exhaust gas purifying system 
in accordance with a preferred embodiment of the 
invention is installed to an engine of a type which has a 
fuel injector for spraying fuel directly into an combustion 
chamber of each of multiple cylinders and is equipped 
with exhaust gas purification means such as a NOx 
absorbent which is disposed in an exhaust gas passage 
through which exhaust gas is discharged from the 
engine and, on one hand, absorbs NOx emissions in an 
excessively oxygen concentrated atmosphere and, on 
the other hand, releases absorbed NOx emissions in 
response to a drop in oxygen concentration of the 
exhaust gas. The exhaust gas purifying system includes 
fuel injection control means such as an electronic con- 
trol unit for dividing an amount of fuel to be sprayed 
through the fuel injector into at least two parts which are 
sprayed between the beginning of an intake stroke and 
a first half of a compression stroke following the intake 
stroke in an engine operating state wherein exhaust gas 
changes oxygen concentration thereof lower than the 
excessively oxygen concentrated atmosphere. The 
term "a drop in oxygen concentration'* used herein shall 
mean and refer to dropping of the oxygen concentration 
of exhaust gas to, for example, less than three to four %, 
and more preferably less than one to two %, which cor- 
responds to an air-to-fuel ratio of the exhaust gas close 
to or richer than the stoichiometric air-to-fuel ratio. The 
term "excessively oxygen concentrated atmosphere" 
used herein shall mean and refer to a lean state in 
which exhaust gas has oxygen concentration higher 
than a specified level, such as for example 4 %, and 
which corresponds to an air-to-fuel ratio in exhaust gas 
that is on a lean side and higher than that on the rich 
side. It is to be noted that the term "air-to-fuel ratio of 
exhaust gas" shall mean and refer to a ratio of the total 
amount of air discharged into the exhaust passage rela- 
tive to the total amount of fuel contained in the air which 
agrees with an air-to-fuel ratio in the combustion cham- 
ber (an average air fuel ratio in the combustion cham- 
ber) unless secondary air and/or secondary fuel is 
supplied into the exhaust passage. 
[0009] With the exhaust gas purifying system, when 
exhaust gas from the engine is in a lean state, the NOx 
absorbent absorbs NOx emissions in the exhaust gas to 
purify the exhaust gas. On the other hand, in an engine 
operating state where exhaust gas from the engine 
enters a rich state, the amount of fuel that is to be 
sprayed is divided into at least two parts and sprayed 
through split fuel injection more than two times between 
the beginning of an intake stroke and the top dead 
center of a compression stroke following the intake 
stroke. Then, the fuel sprayed during an intake stroke is 
sufficiently and homogeneously diffused in the combus- 
tion chamber due to an increase in volume of the com- 
bustion chamber 4 along with downward movement of a 
piston. Even though part of the diffused fuel adheres to 
the wall surface of the cylinder, the fuel for the most part 
is sufficiently vaporized and atomized and mixed with 



air, thus forming a so-called premixed lean fuel mixture 
in the entire combustion chamber. The fuel sprayed by 
the end of a first half of a compression stroke is similarly 
diffused in a relatively small area of the combustion 

5 chamber, and is sufficiently vaporized and atomized 
and mixed with air. Then, the fuel that has adhered to 
the wall surface of the cylinder is subsequently vapor- 
ized and atomized following a rise in cylinder pressure 
during a second half of the compression stroke. Fuel 

10 gas gradually reacts on surrounding oxygen in the 
premixed lean fuel mixture, so as to generate reaction 
heat due to the progress of a so-called cold flame reac- 
tion. The temperature of the entire combustion chamber 
increases due to the reaction heat, so that the fuel spray 

75 is rapidly vaporized and atomized in the heated com- 
bustion chamber. In this way, the fuel that is sprayed 
during the second half of a compression stroke is not 
diffused over the entire combustion chamber, so as to 
form an over-concentrated, self-ignitable fuel mixture 

20 partly in a homogeneous premixed lean fuel mixture. 
Thereafter, as the cylinder temperature reaches the 
self-ignition temperature of fuel right before the top 
dead center of a compression stroke, explosive 
progress of combustion occurs with the over-concen- 

25 trated fuel mixture as a nucleus. In such a combustion 
state, even if an amount of fuel injection is increased 
much more than usual so as to deliver an approximately 
stoichiometric air-to-fuel ratio in the combustion cham- 
ber, part of the fuel is sprayed in an early stage and 

30 forms a premixed lean fuel mixture, so that the over- 
concentrated fuel mixture is brought into an excessive 
fuel state. In addition, since vaporization and atomiza- 
tion of fuel and mixing with air of the over-concentrated 
fuel mixture are significantly improved under the reac- 
ts tion heat of the premixed lean fuel mixture, generation 
of smoke is restrained. In the premixed lean fuel mix- 
ture, since the fuel and oxygen are consumed as the 
cold flame reaction gradually progresses, combustion 
pressure and combustion temperature does not 

40 become excessively high even during the explosive 
combustion occurring before the top dead center of a 
compression stroke, so as thereby to restrain genera- 
tion of NOx emissions. 

[0010] Therefore, with the exhaust gas purifying sys- 
45 tern, an average air-to-fuel ratio in the entire combustion 
chamber is controlled to converge close to or below the 
stoichiometric air-to-fuel ratio, and, even in an engine 
operating state where exhaust gas from the engine is 
rich, the engine is controlled not to generate smoke so 
so much as the conventional diesel engines. Exhaust gas 
that becomes rich promotes the NOx absorbent to 
release NOx emissions with an effect of refreshing the 
NOx absorbent speedy Since the exhaust gas purifying 
control system controls the engine to discharge unburnt 
55 fuel not so much unlike the conventional control sys- 
tems, there occurs no significant aggravation of fuel 
consumption. In other words, the NOx absorbing capac- 
ity of the NOx absorbent can be maintained without pro- 
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viding aggravation of fuel consumption and a sharp 
increase in the amount of smoke. 
[001 1 ] According to another embodiment of the inven- 
tion, the exhaust gas purifying system includes air fuel 
ratio control means for controlling an air-to-fuel ratio in 5 
the combustion chamber to converge near to the stoi- 
chiometric air-to-fuel ratio, and fuel injection control 
means for spraying fuel through split fuel injection when 
the air-to-fuel ratio control means delivers an approxi- 
mately stoichiometric air-to-fuel ratio in the combustion 10 
chamber. The state wherein an air-to-fuel ratio in the 
combustion chamber is close to an approximately stoi- 
chiometric air-to-fuel ratio refers to a ratio of the total 
amount of air filled in the combustion chamber relative 
to the total amount of fuel delivered into the combustion is 
chamber is close to the stoichiometric air-to-fuel ratio. 
[0012] With the exhaust gas purifying system, the air- 
to-fuel ratio control means controls an air-to-fuel ratio in 
the combustion chamber to converge at an approxi- 
mately stoichiometric air-to-fuel ratio during operation of 
the engine, and while controlling an air-to-fuel ratio of 
exhaust gas to become close to an approximately stoi- 
chiometric air-to-fuel ratio, fuel is sprayed through split 
fuel injection, so that the same effects and operation of 
the exhaust gas purifying system according to the 
above embodiment are achieved. Further, since an air- 
to-fuel ratio of exhaust gas is converged at the approxi- 
mately stoichiometric air-to-fuel ratio, a three-way cata- 
lytic converter, if installed in the exhaust passage, 
reduces and deoxidizes NOx emissions released from 
the NOx absorbent to purify exhaust gas. 
[0013] The amount of fuel may be divided into two 
parts for split fuel injection, namely primary fuel injection 
which is made near the top dead center of a compres- 
sion stroke of each cylinder and secondary fuel injection 
which is made between the beginning of an intake 
stroke prior to the compression stroke and the end of a 
first half of the compression stroke. Performing the sec- 
ondary fuel injection before the end of the first half of a 
compression stroke enables fuel to be sufficiently 
vaporized and atomized and then mixed with air, as a 
result of which the same operation and effects as of the 
previous embodiments are achieved. 
[001 4] The amount of fuel for the secondary fuel injec- 
tion may be 8 to 23 % of the amount of fuel for the pri- 
mary fuel injection. If the amount of fuel that is sprayed 
through the secondary fuel injection is too small, there 
occurs a problem in that improvement of combustion by 
reaction heat of a premixed lean fuel mixture is not sig- 
nificant. On the other hand, if the amount of fuel that is 
sprayed through the secondary fuel injection is too 
large, the premixed lean fuel mixture is partly self- 
ignited too early, so as thereby to generate so-called 
reverse drive force which reduces engine output. On the 
contrary, when the amount of fuel that is sprayed 
through the secondary fuel injection is between 8 to 23 
%, preferably between 1 0 to 20 %, of the amount of fuel 
that is sprayed through the primary fuel injection, the 



operation and effects of the previous embodiments are 
sufficiently achieved without accompanying the above 
problems. 

[001 5] The secondary fuel injection may be performed 
after the exhaust valve is closed in an intake stroke, as 
a result of which the fuel sprayed through the secondary 
fuel injection is prevented from being discharged into 
the exhaust passage without contributing to combus- 
tion. 

[001 6] The air-to-fuel ratio control means may controls 
an air-to-fuel ratio in the combustion chamber to con- 
verge at an approximately stoichiometric air-to-fuel ratio 
while the engine operates in a high engine load region. 
Since the engine has a demand for higher output in the 
high engine load region than in a low engine load 
region, the amount of fuel is increased so as to deliver 
the approximately stoichiometric air-to-fuel ratio, 
thereby sufficiently increasing engine output. The 
amount of fuel that is sprayed in the high engine load 
region is essentially targe. Therefore, changing an air- 
to-fuel ratio toward a rich side in response to transition 
in engine operating condition from the low engine load 
region to the high engine load region restrains fluctua- 
tions of engine output due to changes in air-to-fuel ratio 
and improves a feeling of comfortable riding. 
[0017] The exhaust gas purifying system is suitably 
installed to a direct injection-spark ignition type of diesel 
engine. In such a case, the exhaust gas purification 
means may comprise a NOx absorbent which absorbs 
NOx emissions in an excessively oxygen concentrated 
atmosphere in which oxygen concentration is at a high 
level and releases absorbed NOx emissions in 
response to a decrease in oxygen concentration of the 
exhaust gas. In an engine operating state where 
exhaust gas shows a lower oxygen concentration than 
the excessively oxygen concentrated atmosphere, the 
fuel injection control means divides the amount of fuel to 
be sprayed into at least two parts for split fuel injection 
which are made between the beginning of an intake 
stroke of a cylinder and an the end of a first half of an 
expansion stroke following the intake stroke. With the 
exhaust gas purifying system, fuel is sprayed at least 
twice through the fuel injector between the beginning of 
an intake stroke and the end of a first half of an expan- 
sion stroke following the intake stroke in the engine 
operating state where exhaust gas from the diesel 
engine is on a rich side. Then, the same operation and 
effects as attained in the first embodiment by burning 
the fuel sprayed between the beginning of an intake 
stroke and the near top dead center of a compression 
stroke following the intake stroke. Spraying fuel between 
the near top dead center of a compression stroke and a 
first half of an expansion stroke following the compres- 
sion stroke causes fuel to be quickly diffused and burnt 
in the combustion chamber at extremely high tempera- 
ture and extremely high pressure, so as not to generate 
smoke so much and, moreover, since the fuel for the 
most part is burnt, unburnt fuel is not discharged so 
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much. In addition, while, since an approximately stoichi- 
ometric air-to-fuel ratio is delivered in the combustion 
chamber, generation of NOx emissions is restrained, 
the amount of NOx emissions in exhaust gas decreases 
due to an increase in the amount of unburnt HC and CO 
in the exhaust gas resulting from spraying fuel between 
the near top dead center of a compression stroke and 
the first half of an expansion stroke and reaction of the 
unburnt HC and CO on NOx emissions, so as thereby to 
promote the NOx absorbent to release NOx emissions 
and refresh the NOx absorbent speedy. Therefore, the 
NOx absorbent is speedy refreshed without being 
accompanied by sharp aggravation of fuel consumption 
nor an increase in smoke generation and steadily main- 
tained in NOx absorbing capacity. 
[0018] The air-to-fuel ratio control means may control 
an air-to-fuel ratio in the combustion chamber of a spec- 
ified cylinder to converge at a ratio on a rich side of the 
approximately stoichiometric air-to-fuel ratio or lower 
than the approximately stoichiometric air-to-fuel ratio, 
and the fuel injection control means sprays fuel through 
split fuel injection into a cylinder in which an air-to-fuel 
ratio in the combustion chamber is controlled to con- 
verge at a ratio on a rich side. With the exhaust gas puri- 
fying system, the same operation and effects as 
attained in the previous embodiment are realized in the 
specified cylinder. 

[001 9] The fuel injection control means may divide the 
amount of fuel injection into at least two parts for split 
fuel injection, Le^ primary fuel injection which is made 
near the top dead center of a compression and second- 
ary fuel injection which is made between the beginning 
of an intake stroke and a first half of an expansion stroke 
following the compression stroke. 
[0020] The air-to-fuel ratio control means may switch 
an air-to-fuel ratio in the combustion chamber either 
towards a rich side with respect to the stoichiometric air- 
to-fuel ratio or towards a lean side with respect to the 
stoichiometric air-to-fuel ratio, and the fuel injection con- 
trol means may perform only the primary fuel injection 
when an air-to-fuel ratio in the combustion chamber is 
changed on the lean side. Changing an air-to-fuel ratio 
in the combustion chamber on the lean side improves 
fuel consumption over operation of the engine. At this 
time, although exhaust gas from the combustion cham- 
ber becomes lean, NOx emissions in the exhaust gas is 
absorbed by an NOx absorbent and the exhaust gas is 
purified. The secondary fuel injection may be made at a 
crank angle of 10° to 20° after the top dead center of a 
compression stroke, which reduces the amount of 
unburnt fuel that is discharged from the engine during 
an expansion stroke and restrains sufficiently aggrava- 
tion of fuel consumption. Further, the secondary fuel 
injection may be made at a crank angle of 15° to 25° 
after the top dead center of a compression stroke, which 
restrains generation of smoke due to incomplete com- 
bustion of fuel sprayed into the combustion chamber 
during an expansion stroke to the minimum. Further, the 



secondary fuel injection may be made at a crank angle 
of 15° to 20° after the top dead center of a compression 
stroke with an effect of sufficiently restraining aggrava- 
tion of fuel consumption as well as controlling genera- 

5 tion of smoke to the minimum. 

[0021] The amount of fuel that is to be sprayed 
through the secondary fuel injection may be between 
approximately 30 to 50 % of the amount of fuel that is to 
be sprayed through the primary fuel injection, which suf- 

10 ficiently restrains aggravation of fuel consumption as 
well as controlling generation of smoke to the minimum. 
[0022] In the variations stated above, the air-to-fuel 
ratio control means controls an air-to-fuel ratio in the 
combustion chamber to be on the rich side with respect 

15 to the stoichiometric air-to-fuel ratio while the engine 
operates in the low engine load region, As a result of 
which, even while the engine still operates in the low 
engine load region, the NOx absorbent is refreshed 
while restraining aggravation of fuel consumption and 

20 as well as generation of smoke. 

[0023] The secondary fuel injection may be advanced 
larger with an increase in engine load with an effect of 
optimizing the fuel injection at an appropriate timing. 
Further, a secondary fuel injection ratio, which refers to 

25 a ratio of the amount of fuel that is sprayed through the 
secondary fuel injection relative to the amount of fuel 
that is sprayed through the primary fuel injection, may 
be changed lower with an increase in engine load with 
an effect of optimizing the secondary fuel injection ratio. 

30 [0024] According to another embodiment of the inven- 
tion, the exhaust gas purifying system judges whether 
or not the NOx absorbent has absorbed NOx emissions 
more than a specified amount and controls an air-to-fuel 
ratio in the combustion chamber towards a rich side with 

35 respect to the stoichiometric air-to-fuel ratio when the 
NOx absorbent is determined to have absorbed the 
specified amount of NOx emissions. In this embodi- 
ment, when it is expected that the NOx absorbent expe- 
riences deterioration of NOx absorbing capacity due to 

40 a significantly high level of NOx absorption that exceeds 
a specified level, an air-to-fuel ratio is controlled to con- 
verge at a ratio on the rich side, so as to refresh the NOx 
absorbent. On the other hand, an air-to-fuel ratio is con- 
trolled to converge at a ratio on the lean side while the 

45 level of NOx absorption is still low, so that the NOx 
absorbent is stably maintained in its NOx absorbing 
capacity without inducing an unnecessary increase in 
fuel consumption. The air-to-fuel ratio control means 
periodically preferably controls an air-to-fuel ratio in a 

so combustion chamber to converge at the approximately 
stoichiometric air-to-fuel ratio during operation of the 
engine so as thereby to refresh the NOx absorbent and 
stably maintain its NOx absorbing capacity. 
[0025] According to another embodiment of the inven- 

55 tion, the exhaust gas purifying system judges whether 
or not the engine is in an accelerative drive state and 
controls an air-to-fuel ratio in the combustion chamber 
to converge towards the rich side where an air-to-fuel 
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ratio is close to or below the stoichiometric air-to-fuel 
ratio when it is determined that the engine is in the 
accelerative drive state. With exhaust gas purifying sys- 
tem, an air-to-fuel ^ratio in the combustion chamber is 
controlled to converge towards the rich side during 
acceleration of the engine in which the engine is 
required to provide high engine output, so that the 
engine output can be sufficiently increased in conform- 
ity with the engine demand. Further, when changing an 
air-to-fuel ratio in the combustion chamber towards the 
rich side during a shift of operating condition a normal 
drive state to the accelerative drive state, since fluctua- 
tions of engine output is predicted to occur following a 
change air-to-fuel ratio, a feeling of comfortable riding is 
not spoiled. 

[0026] According to another embodiment of the inven- 
tion, the exhaust gas purifying system includes an 
exhaust gas recirculation system for adjustably recircu- 
lating partly exhaust gas from the engine into the intake 
system and switches an air-to-fuel ratio to either a rich 
side on which the air-to-fuel ratio is dose to or below the 
stoichiometric air-to-fuel ratio or to the lean side on 
which the air-to-fuel ratio is higher than the stoichiomet- 
ric air-to-fuel ratio. The exhaust gas recirculation system 
controls the amount of exhaust gas that is recirculated 
such that an exhaust gas recirculation ratio, which refers 
to a ratio of the amount of exhaust gas recirculation rel- 
ative to the total amount of intake air that is introduced 
into the combustion chamber, is made higher when 
switching an air-to-fuel ratio to the rich side than when 
switching an air-to-fuel ratio to the rich lean side. 
[0027] With the exhaust gas purifying system, when 
controlling an air-to-fuel ratio in the combustion cham- 
ber towards the rich side, the exhaust gas recirculation 
system makes the exhaust gas recirculation ratio 
higher. In other words, the air-to-fuel ratio in the com- 
bustion chamber is changed towards the rich side by 
reducing the amount of fresh intake air that is intro- 
duced into the combustion chamber. Further, even 
though the amount of fuel is increased to change an air- 
to-fuel ratio in the combustion chamber towards the rich 
side in order to complement a drop in engine output 
which is caused due to a reduction in the amount of 
intake air, the engine is restrained from causing a rise in 
engine output due to the change in air-to-fuel ratio and, 
as a result, fluctuations of engine output is reduced. 
Further, recirculation of exhaust gas induces appropri- 
ately slow combustion, so as thereby to restrain gener- 
ation of NOx emissions following fuel combustion and, 
at the same time, to promote vaporization and atomiza- 
tion of fuel and mixing with air, as a result of which, the 
combustibility of fuel mixture is improved with an effect 
of further restraining generation of smoke. 
[0028] According to another embodiment of the inven- 
tion, the exhaust gas purifying system includes intake 
air regulation means for regulating the amount of intake 
air that is introduced into the combustion chamber and 
switches an air-to-fuel ratio to either a rich side on which 



10 

' the air-to-fuel ratio is close to or below the stoichiomet- 
ric air-to-fuel ratio or to the lean side on which the air-to- 
fuel ratio is higher than the stoichiometric air-to-fuel 
ratio. The intake air regulation means the amount of 
5 intake such that the amount of intake air is increased 
larger when switching an air-to-fuel ratio to the rich side 
than when switching an air-to-fuel ratio to the rich lean 
side. 

[0029] With the exhaust gas purifying system, when 
io the air-to-fuel ratio in the combustion chamber is 
changed towards the rich side, the amount of intake air 
that is introduced into the combustion chamber is 
reduced. Thus, similar to the previous embodiment, a 
change in engine output due to a change in air-to-fuel 
is ratio in the combustion chamber is restrained. 

[0030] According to still another embodiment of the 
invention, 

the exhaust gas purifying system is suitably installed to 
a direct injection-spark ignition type of diesel engine 

20 which is equipped with a catalyst for purifying exhaust 
gas from the combustion chamber. The catalyst lower- 
ing levels of harmful emissions in exhaust gas to purify 
the exhaust gas when an air-to-fuel ratio of exhaust gas 
is on the rich side where the air-to-fuel ratio of exhaust 

25 gas is close to or below the stoichiometric air-to-fuel 
ratio. The air-to-fuel ratio control is performed in con- 
nection with a specified cylinder only, and fuel injection 
is made at least twice through split fuel injection which 
are performed between the beginning of an intake 

30 stroke and a first half of an expansion stroke following 
the intake stroke in the specified cylinder. 
[0031] With the exhaust gas purifying system, an air- 
to-fuel ratio in the combustion chamber of the specified 
cylinder is controlled to converge at the stoichiometric 

35 air-to-fuel ratio during operation of the diesel engine, 
and at the same time, the split fuel injection is made to 
spray fuel in the combustion chamber of the specified 
cylinder. The split fuel injection prevents generation of a 
large amount of smoke even though the air-to-fuel ratio 

40 in the combustion chamber converges at the stoichio- 
metric air-to-fuel ratio. Since an air-to-fuel ratio of 
exhaust gas is controlled to converge at the approxi- 
mately stoichiometric air-to-fuel ratio, the exhaust gas is 
purified by lowering levels of harmful emissions by the 

45 catalyst installed in the exhaust passage. In other 
words, the exhaust gas is purified by the catalyst without 
increasing smoke in the exhaust gas. A three-way cata- 
lytic converter is significantly effectively to effectively 
lower levels of HC, CO and NOx emissions in exhaust 

so gas, and hence purify the exhaust gas. 

[0032] The amount of fuel that is to be sprayed may be 
divided into two parts for primary fuel injection which is 
made near the top dead center of a compression stroke 
of a specified cylinder and secondary fuel injection 

55 which is made between the beginning of an intake 
stroke and a first half of a compression stroke following 
the intake stroke. The amount of fuel that is to be 
sprayed through the secondary fuel injection is prefera- 
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bly between 8 and 23 % of the amount of fuel that is to 
be sprayed through the primary fuel injection. 
[0033] With the exhaust gas purifying system, since 
the amount of fuel that is sprayed is divided into at least 
two parts for the primary fuel injection which is made s 
near the top dead center of a compression of the speci- 
fied cylinder and the secondary fuel injection which is 
made between the beginning of an intake stroke and a 
first half of the compression stroke, even when an air-to- 
fuel ratio in the combustion chamber is on the rich side, 10 
an increase in the amount of smoke is restrained. Fur- 
ther, since an air-to-fuel ratio in the combustion cham- 
ber becomes towards the rich side, the level of NOx 
emissions is lowered. Moreover, spraying fuel through 
the secondary fuel injection by an amount of between 8 is 
to 23 % of the amount of fuel sprayed through the pri- 
mary fuel injection prevents a decline in engine output 
while sufficiently improving combustion. 
[0034] The amount of fuel that is sprayed may be 
divided into two parts for the primary fuel injection which 20 
is made near the top dead center of a compression of 
the specified cylinder and secondary fuel injection 
which is made between completion of the primary fuel 
injection and a first half of an expansion stroke. 
The amount of fuel for the secondary fuel injection is 25 
preferably between 30 and 50 % of the amount of fuel 
for the primary fuel injection. When controlling an air-to- 
fuel ratio in the combustion chamber towards the rich 
side, a level of NOx emissions is lowered and an 
increase in the amount of smoke is restrained. Spraying 30 
fuel through the secondary fuel injection by an amount 
of 30 to 50 % of the amount of primary fuel injection, 
minimizes generation of smoke while satisfactorily 
restraining aggravation of fuel consumption. 
[0035] According to a further embodiment of the 35 
invention, the exhaust gas purifying system, which is 
suitably installed to a direct injection-spark ignition type 
of diesel engine, has engine load detection means for 
detecting an engine load with which the diesel engine 
operates. The amount of fuel that is to be sprayed is 40 
divided into at least two parts for primary fuel injection 
which is made at the top dead center of a compression 
stroke of a specified cylinder and secondary fuel injec- 
tion which is made between the beginning of an intake 
stroke and a first half of an expansion stroke. The ratio 45 
of the amount of secondary fuel injection relative to the 
amount of primary fuel injection is made smaller as the 
engine load becomes higher. 

[0036] With the exhaust gas purifying system, it is 
enabled to reduce NOx emissions and restrain genera- so 
tion of smoke. Further, since the ratio of the amount of 
secondary fuel injection relative to the amount of pri- 
mary fuel injection is made smaller as the engine load 
becomes higher, the secondary fuel injection ratio is 
optimized. In this embodiment the secondary fuel injec- 55 
tion may be made either between the beginning of an 
intake process and a first half of a compression stroke, 
or between completion of the primary fuel injection and 



a first half of an expansion stroke with the result of the 
same operation and effect as attained in the above 
embodiment. 

[0037] The above and other objects and features of 
the present invention will be clearly understood from the 
following description with respect to the preferred 
embodiment thereof when considered in conjunction 
with the accompanying drawings, in which: 

Figure 1 is a schematic view of the entire structure 
of an exhaust gas purifying system installed to a 
diesel engine of the invention; 

Figure 2A is an explanatory cross-sectional views 
showing a turbine of a variable geometric turbosu- 
percharger in which an A/R ratio is small; 

Figure 2B is an explanatory cross-sectional views 
showing the turbine of the variable geometric turbo- 
supercharger in which the A/R ratio is large; 

Figure 3 is a structural view of a an exhaust gas 
recirculation valve and its associated drive system; 

Figure 4 is a flow chart illustrating a sequence rou- 
tine of fuel injection control in accordance with an 
embodiment of the invention; 

Figure 5 is a diagram showing a high engine load 
region in which split fuel injection is performed; 

Figure 6 is a time chart illustrating injection timings 
at which early fuel injection and latter fuel injection 
are made, respectively; 

Figure 7 is a diagram showing early fuel injection 
timing with respect to engine speed; 

Figure 8 is a diagram showing engine output char- 
acteristic with respect to early fuel injection timing; 

Figure 9 is a diagram showing engine output char- 
acteristic with respect to early fuel injection ratio; 

Figure 10 is a diagram showing early fuel injection 
characteristic with respect to a lapse of time; 

Figures 1 1 A - 1 1 C are time charts showing timings 
at which pre-fuel injection, primary fuel injection 
and post-fuel injection, respectively; 

Figures 12A and 12B are a flow chart illustrating a 
sequence routine of fuel injection control in accord- 
ance with another embodiment of the invention; 

Figure 13 is a fuel injection control map shown by 
way of example; 
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Figure 14 is a flow chart illustrating a sequence rou- 
tine of exhaust gas recirculation control; 

Figure 15 is an exhaust gas recirculation ratio con- 
trol map shown by way of example; 5 

Figure 16 is an intake air control map shown by way 
of example; 

Figure 17 is a diagram showing the relationship w 
between excess air ratio and the amount of smoke; 

Figure 1 8 is a exhaust gas recirculation ratio control 
map shown by way of example; 

15 

Figure 19 is a flow chart illustrating a sequence rou- 
tine of intake throttle valve control; 

Figure 20 is a intake throttle valve control map 
shown by way of example; 20 

Figure 21 is a flow chart illustrating a sequence rou- 
tine of variable vane control; 

Figure 22 is a flow chart illustrating a sequence rou- 25 
tine of nozzle area control; 

Figure 23 is a diagram showing the amount of 
smoke with respect to excess air ratio in connection 
with split fuel injection and blanket fuel injection; 30 

Figure 24 is a diagram showing the amount of 
smoke and fuel consumption ratio with respect to 
post-fuel injection timing; 

35 

Figure 25 is a diagram showing the amount of 
smoke and fuel consumption ratio with respect to 
post-fuel injection ratio; 

Figure 26 is a diagram showing the relationship 40 
between air-to-fuel ratio in the combustion chamber 
and fuel consumption ratio; 

Figures 27A and 27B are a flow chart illustrating a 
sequence routine of fuel injection control in accord- 45 
ance with another embodiment of the invention; 

Figure 28 is a flow chart illustrating a sequence rou- 
tine of exhaust gas recirculation control; 

50 

Figure 29 is a flow chart illustrating a sequence rou- 
tine of intake throttle valve control; 

Figure 30 is a diagram showing the relationship 
between intake passage cross-section area and 55 
accelerator pedal travel; and 

Figure 31 is a flow chart illustrating a sequence rou- 



14 

tine of fuel injection control in accordance with a fur- 
ther embodiment of the invention. 

[0038] Referring to the drawings in detail, and in par- 
ticular, to Figure 1 which shows the entire structure of 
an exhaust gas purifying system 100 for a diesel engine 
according to an embodiment of the invention, denoted 
by a reference numeral 1 is a multiple cylinder diesel 
engine carried in a vehicle. The diesel engine 1 has 
multiple cylinders 2 (only one of which is shown in the 
figure), in which pistons 3 are received to slide. A com- 
bustion chamber 4 is formed inside each cylinder 2 by 
the piston 3. Also, a fuel injector (fuel injection valve) 5 
is arranged roughly at the center of a top of the combus- 
tion chamber 4 with its nozzle faced to the combustion 
chamber 4. The fuel injector 5 is opened and closed at 
a predetermined injection timing to directly spray fuel 
into the combustion chamber 4. Each fuel injector 5 
mentioned above is connected to a common rail (pres- 
sure accumulating chamber) 6 for accumulating high- 
pressure fuel to which a pressure sensor 6a is installed 
to detect internal fuel pressure as common rail pressure 
connected to a high-pressure supply pump 8 driven by 
a crank shaft 7 of the diesel engine 1. The high-pres- 
sure supply pump 8 maintains fuel pressure inside the 
common rail 6, which is detected by the pressure sen- 
sor 6a, above a predetermined level (for instance, about 
20 MPa or above during idle or 50 Mpa or above in other 
engine operating states). Also, a crank angle sensor 9 is 
provided for detecting rotational angle of the crank shaft 
8, which comprises a plate for detection (not shown) 
secured to one end of the crankshaft 7 and an electro- 
magnetic pickup (not shown) arranged correspondingly 
in position to the outer periphery of the plate. The elec- 
tromagnetic pickup outputs pulse signals in response to 
the passage of protrusions arranged at regular angular 
intervals angle on the entire outer periphery of the plate. 
The diesel engine 1 has an intake passage 10 for sup- 
plying intake air to the combustion chamber 4 of the 
engine 1 after filtering it by an air cleaner (not shown). 
The intake passage 10 at a downstream end is 
branched off through a surge tank and connected 
respectively to the combustion chambers 4 of the cylin- 
ders 2 through intake ports. An intake pressure sensor 
10a is provided in order to detect a supercharging pres- 
sure inside the surge tank that is supplied to the cylin- 
ders 2. The intake passage 10 is provided in order from 
the upstream to the downstream with a hot film type of 
air flow sensor 1 1 which detects an amount of fresh 
intake air introduced into the intake passage 10, a 
blower 12 which is driven by a turbine 21 of a turbosu- 
percharger (which is hereafter referred to as a turbo- 
charger for simplicity) 25 to compress intake air, an 
intercooler 13 for cooling the intake air compressed by 
this blower 12. and an intake throttle valve 14 as means 
for reducing the amount of fresh intake air by reducing 
the cross section of the intake passage 10. The intake 
throttle valve 14 is of a type comprising a butterfly valve 
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which has a notch so as to admit intake air even while it 
is fully closed. Similar to an exhaust gas recirculation 
valve 24 which will be described later, the intake throttle 
valve 14 is controlled to change its opening by control- 
ling the level of negative pressure on a diaphragm 1 5 by 
an electromagnetic valve 16. Although not shown in the 
figure, there is provided a sensor for detecting the open- 
ing of the intake throttle valve 14. Denoted by a refer- 
ence numeral 20 is an exhaust passage through which 
exhaust gas is discharged from the combustion cham- 
ber 4 of each cylinder 2. The exhaust passage 20 at the 
upstream end is branched off and connected to the 
combustion chambers 4 of each cylinder 2 through 
exhaust ports. The exhaust passage 20 is provided, in 
order from the upstream to the downstream, with an 
oxygen (0 2 ) sensor (which is hereafter referred to as an 
sensor) 1 7 which detects the oxygen concentration 
of exhaust gas, the turbine 21 which is driven by an 
exhaust gas flow and a catalytic converter 22 which low- 
ering levels of emissions, such as HC. CO and NOx 
emissions and particulate in exhaust gas to purify the 
exhaust gas. 

[0039] The 0 2 sensor 1 7 is used to detect an air-to- 
fuel ratio based on an oxygen concentration of the 
exhaust gas. and has a characteristic wherein an output 
changes sharply when oxygen in exhaust gas is almost 
zero, in other words, when an air-to-fuel ratio is around 
a stoichiometric air-to-fuel ratio. The catalytic converter 
22 has two catalyst layers formed on the wall surface of 
a number of pours or holes of a cordierite honeycomb 
substrate (not shown). The pours extend in parallel 
along an axial direction (a direction of exhaust gas flow). 
The catalytic converter 22 is of a type which lowers the 
level of NOx emissions by, on one hand, absorbing NOx 
emissions in an excessively oxygen concentrated 
atmosphere, in exhaust gas with a high concentra- 
tion of oxygen and, on the other hand, releases the NOx 
emissions in a rich state where the oxygen concentra- 
tion is lower than in the excessively oxygen concen- 
trated atmosphere. In other words, the catalytic 
converter 22 comprises an NOx absorbent that releases 
NOx emissions when an air-to-fuel ratio is in the rich 
state where the air-to-fuel ratio is around the stoichio- 
metric air-to-fuel ratio or lower and, on the other hand, 
absorbs NOx emissions when an air-to-fuel ratio is in a 
lean state where the air-to-fuel ratio is higher than the 
stoichiometric air-to-fuel ratio. More specifically, for the 
wall surface of the substrate, a two-layer coating is 
applied wherein an inner catalyst layer supporting alu- 
mina or ceria that carries platinum (Pt) and at least one 
selected from a group including alkaline earth metals 
such as barium (Ba). alkali metals and rare earth metals 
as an NOx absorbent and an outer catalyst layer sup- 
porting zeolite that carries noble metals such as plati- 
num Pt are formed. The catalyst is not limited to the 
above mentioned structure, and can be acceptable as 
long as the catalytic materials reduce NOx emissions in 
the rich state where an air-to-fuel ratio is around the sto- 



ichiometric air-to-fuel ratio or smaller, and have an NOx 
absorbent. 

[0040] Referring to Figure 2A and 2B, the turbo- 
charger 25 is of a variable geometric type and com- 

5 prises the turbine 21 and the blower 12. The turbine 21 
has a number of variable vanes 21b arranged in a tur- 
bine chamber 21a so as to surround the entire periph- 
ery of the turbine chamber 21a. These variable vane 
21b are variable in angle to change a nozzle cross-sec- 

10 tional area (A) through which an exhaust gas stream 
flows through. In this variable geometric turbocharger 
25, as shown in Figure 2A, the variable vanes 21b are 
positioned at small angles relative to the circumferential 
direction of the turbine 21 so as to reduce the nozzle 

15 cross-sectional area (A), which causes an increase in 
supercharging efficiency even in a region of low engine 
speeds where an exhaust gas flow is small. On the 
other hand, as shown in Figure 2B, the variable vanes 
21b are directed to the center of the turbine 21 so as to 

20 increase the nozzle cross-sectional area (A) with an 
effect of increasing supercharging efficiency even in a 
region of high engine speeds where an exhaust gas 
flow is targe. 

[0041 ] The exhaust passage 20 at the upstream from 
25 the turbine 21 is branched off and connected to an 
exhaust gas recirculation (EGR) passage 23 through 
which exhaust gas is partly recirculated into the intake 
stream. The exhaust gas recirculation passage 23 at 
the downstream end is connected to the intake passage 

30 10 

at a further downstream side relative to the intake throt- 
tle valve 14. The exhaust gas recirculation passage 23 
at a point close to the downstream end is provided with 
an exhaust gas recirculation (EGR) valve 24 which is 

35 operated by negative pressure to adjust its opening so 
as to admit partly exhaust gas from the exhaust pas- 
sage 20 into the intake passage 10. The exhaust gas 
recirculation valve 24, as shown in Figure 3, comprises 
a valve rod 24b connected to a diaphragm 24a by which 

40 a valve box 24g is divided into upper and lower cham- 
bers 24e and 24f, and a valve body 24c which adjusta- 
bly opens or closes the exhaust gas recirculation 
passage 23 so as to linearly change an area through 
which exhaust gas flows. The exhaust gas recirculation 

45 valve 24 is provided with a lift sensor 26 secured to one 
end of the valve rod 24b. The valve body 24c is forced 
by a spring 24d in a closing direction (downward as 
viewed in Figure 3). A vacuum passage 27 is connected 
between a vacuum pump (pressure source) 29 through 

so an electromagnetic valve 28 which controls negative 
pressure. The negative pressure in the vacuuming 
chamber 24e, with which the exhaust gas recirculation 
valve 24 is driven, is controlled by energizing the elec- 
tromagnetic valve 28 with a control signal (electric cur- 

55 rent) from an electronic control unit (ECU) 35 which will 
be described later to open or shut the vacuum passage 
27, by means of which the exhaust gas recirculation 
passage 23 is linearly changed in its opening by the 
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valve body 24c. Similarly to the exhaust gas recircula- 
tion valve 24, the turbocharger 25 is provided with a dia- 
phragm 30 in connection with the variable vanes 21b of 
the turbine 21 such that the variable vanes 21b are con- 
trolled in angle relative to the turbine 21 by controlling 
negative pressure on the diaphragm 30 by an electro- 
magnetic valve 31. 

[0042] The electronic control unit 35 receives signals 
from the pressure sensor 6a, the crank angle sensor 9, 
the air flow sensor 11, the 0 2 sensor 17, the lift sensor 
26 of the exhaust gas recirculation valve 24, and an 
accelerator travel sensor 32 for detecting a travel of an 
accelerator pedal (not shown), respectively, and pro- 
vides control signals by which the fuel injector 5, the 
high-pressure supply pump 8, the intake throttle valve 
14, the exhaust gas recirculation valve 24, the variable 
vanes 21b of the turbocharger 25 are operated. While 
the fuel injector 5 is controlled to spray a controlled 
amount of fuel at a controlled timing in accordance with 
engine operating conditions, at the same time, control of 
the common rail pressure, Le. injection pressure of fuel, 
is made by the high-pressure supply pump 8. In addi- 
tion, control of the amount of fresh intake air by the 
intake throttle valve 14, control of the amount of exhaust 
gas recirculation by the exhaust gas recirculation valve 
24, and control of the variable vanes 21b of the turbo- 
charger 25 are carried out. More specifically, a fuel 
injection map that prescribes an amount of fuel injection 
Q which is empirically determined in appropriately 
accordance with a target engine output torque and an 
engine speed and is electronically stored in a memory. 
Ordinarily, a basic amount of fuel injection Qbase is 
read from the fuel injection map based on a target 
engine output torque which is determined in accord- 
ance with an output signal from the accelerator travel 
sensor 32 and an engine speed which is determined in 
accordance with an output signal from the crank angle 
sensor 9. An injection time for which the fuel injector 5 is 
kept open is determined based on this basic amount of 
fuel injection Qbase and the common rail pressure 
detected by the pressure sensor 6a. By means of the 
basic fuel injection control, fuel is sprayed by an amount 
in accordance with the target engine output torque, so 
as to operate the engine 1 with an average air-to-fuel 
ratio on a lean side, which is significantly higher than a 
stoichiometric air-to-fuel ration of 1 8. 
[0043] One of the significant features of the control 
system of the invention is that, when an estimated level 
of NOx absorption becomes higher than a specified 
level and it is therefore assumed that the catalytic con- 
verter 22 encounters aggravation of NOx absorbing 
capacity, while estimating the level of NOx absorption of 
an NOx absorbent of the catalytic converter 22 and 
causing a change of an air-to-fuel ratio approximately to 
the stoichiometric air-to-fuel ratio, the control system 
performs split fuel injection control in which fuel injection 
is divided into two parts, namely early split fuel injection 
or secondary split fuel injection which is made between 
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the beginning if intake stroke and a first half of a com- 
pression stroke and later split fuel injection or primary 
split fuel injection which is made near the top dead 
center (TDC) of the compression stroke. 

5 [0044] Figure 4 is a flow chart illustrating a sequence 
routine of the fuel injection control which is performed 
by the electronic control unit 35. The fuel injection con- 
trol is carried out every specified crank angle (CA) by 
cylinder. When the sequence logic commences and 

io control proceeds directly to a block at step S1 where 
various control parameters including at least a crank 
angle (CA), oxygen concentration, an amount of fresh 
intake air, an accelerator pedal travel. Subsequently, at 
step S2, a basic amount of fuel injection Qbase is deter- 

15 mined on the fuel injection map in accordance with tar- 
get engine output torque which is determined on the 
basis of the accelerator pedal travel and an engine 
speed which is determined on the basis of the crank 
angle. An estimate of the level of NOx absorption of the 

20 NOx absorbent is made at step S3. Thereafter, a deci- 
sion is made at step S4 as to whether the specif ied level 
of NOx absorption has been exceeded by the estimated 
level of NOx absorption. When the answer to the deci- 
sion is affirmative, this indicates that the estimated level 

25 of NOx absorption is higher than the specified level of 
NOx absorption, then, the control proceeds to step S5. 
On the other hand, when the answer to the decision is 
negative, this indicates that the estimated level of NOx 
absorption is less than the specified level of NOx 

30 absorption, then, control proceeds to step S14. 

[0045] The level of NOx absorption of the NOx 
absorbent is estimated based on a value which is 
obtained by, for example, multiplying a total travel dis- 
tance of the vehicle by a total amount of fuel injection for 

35 the travel distance. Otherwise, it may be estimated 
based on a value which is obtained by multiplying a total 
time of engine operation by a total amount of fuel injec- 
tion and corrected in accordance with engine operating 
conditions or may more simply be estimated based on a 

40 total time of engine operation. 

[0046] When the estimated level of NOx absorption is 
higher than the specified level, another decision is made 
at step S5 as to whether the engine 1 is in an engine 
operating region of high engine loads. The Electronic 

45 control unit 35 has a map of engine operation regions 
with respect to engine load and engine speed such as 
shown in Figure 5 which is electronically stored in the 
memory. The engine operating region of high engine 
load, which is shaded in Figure 5), is prescribed on the 

so map beforehand. When the engine 1 is in the engine 
operating region of high engine load, the control pro- 
ceeds to step S6. On the other hand, when the engine 1 
is out of the engine operating region of high engine load, 
the control proceeds to step S12. At step S6. A cor- 

55 rected amount of fuel injection Or is determined by cor- 
rectively increase the basic amount of fuel injection 
Qbase so as to deliver an approximately stoichiometric 
air-to-fuel ratio as an average air-to-fuel ratio in the 
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combustion chamber 4. Specifically, an amount of fuel 
injection Qr is determined so as to deliver an approxi- 
mately stoichiometric air-to-fuel ratio for the amount of 
fresh intake air found from an output signal from the air 
flow censor 1 1 . Further, the amount of fuel injection may 
be feedback controlled and corrected on the basis of an 
output signal from the 0 2 sensor 17 as the corrected 
amount of fuel injection Qr. Air-to-fuel ratio can be pre- 
cisely controlled by a feedback correction of an amount 
of fuel injection based on an output signal from the 0 2 
sensor 17. Subsequently, at step S7, the corrected 
amount of fuel injection Qr is divided into two parts, an 
amount of early split fuel injection QrL and an amount of 
latter split fuel injection QrT. The ratio of the early split 
fuel injection relative to the later split fuel injection is 
empirically determined beforehand in accordance with 
engine loads and engine speeds and recorded in the 
memory as a map. The ratio of the early split fuel injec- 
tion QrL is 8 to 23% of the latter split fuel injection QrT 
and is changed greater with an increase in engine load. 
The remaining part of fuel injection is assigned to the 
latter injection. Subsequently, at step S8, a decision is 
made as to whether an early split fuel injection timing is 
reached. This decision is made based on a crank angle 
and repeated until the timing is reached. When the early 
split fuel injection timing is reached, the early split fuel 
injection is executed at step S9. Similarly, at step S10, a 
decision is made as to whether a later split fuel injection 
timing is reached. This decision is also made based on 
a crank angle and repeated until the timing is reached. 
When the later split fuel injection timing is reached, the 
later split fuel injection is executed at step S11. Then, 
the control returns to another cycle of the sequence rou- 
tine. 

[0047] As shown in Figure 6A, the early split fuel injec- 
tion is set herein so as to start at a timing during a first 
half of an intake stroke of the cylinder 2, and, more spe- 
cifically, after the exhaust valve of the cylinder 2 has 
closed (for example after a point 350° CA before TDC). 
On the other hand, the latter split fuel injection is set to 
start at a timing which is an approximately end (near the 
top dead center) of a compression stroke like normal 
fuel injection. By staffing the early split fuel injection 
after the exhaust valve has closed, the fuel delivered 
through the early split fuel injection is prevented from 
flowing out into the exhaust passage 20 without contrib- 
uting to combustion. Moreover, the early split fuel injec- 
tion timing may be basically set between the beginning 
of intake stroke and a first half of compression stroke as 
will be described in detail later, and the frequency of the 
early split fuel injection is not limited to once and may be 
twice or more. Thus, when the NOx absorbent shows 
the level of NOx absorption higher than the specified 
level and is consequently expected to cause aggrava- 
tion of NOx absorbing capacity and when the engine 1 
operates in the engine operating region of high engine 
load, while the amount of fuel injection Q is correctively 
increased so as to converge an air-to-fuel ratio near to 



the stoichiometric air-to-fuel ratio, the fuel is split into 
two portions and sprayed through the early split fuel 
injection and the latter split fuel injection. 
[0048] On the other hand, when the answer to the 

5 decision made at step S5 is negative, this indicates that 
the engine 1 operates out of the engine operating region 
of high engine load, then, at step S12, the intake throttle 
valve 14 is closed to a target opening. 
The target opening of the intake throttle valve 14, which 

10 is empirically prescribed in accordance with engine load 
and engine speed and is recorded as a map in the 
memory, increases as an engine load becomes higher 
or an engine speed becomes higher. Subsequently, a 
judgement is made based on an output signal from a 

15 valve lift sensor (not shown) at step S13 as to whether 
the intake throttle valve 14 has closed to the target 
opening. When the target opening has not yet been 
reached, the control proceeds to step S14. On the other 
hand, when the intake throttle valve 14 has closed to the 

20 target opening, fuel injection is performed through steps 
S6 - S1 1 to spray the corrected amount of fuel injection 
Qr through the early and later split fuel injection. In 
other words, when it is expected that the NOx absorbent 
has encountered aggravation of NOx absorbing capac- 

25 ity due to a level of NOx absorption higher than the 
specified level, while the intake throttle valve 14 is throt- 
tled to reduce the amount of intake air that is introduced 
into the combustion chamber 4 and the amount of fuel 
injection is correctively increased so as to deliver an 

30 approximately stoichiometric air-to-fuel ratio if the 
engine 1 operates out of the engine operating region of 
high engine load, fuel injection is performed through the 
early and later split fuel injection. Moreover, during a 
period in which the amount of intake air is considered to 

35 be insufficiently decreased due to an operational delay 
of the intake throttle valve 1 4, the control of fuel injection 
through steps S6 through S9. Specifically, when the 
answer to the decision made at step S4 is negative, this 
indicates that the estimated level of NOx absorption is 

40 still less than the specified level of NOx absorption, or 
when the answer to the decision made at step S13 is 
negative, this indicates that the intake throttle valve 14 
has not yet closed to the target opening, then, after set- 
ting the basic amount of fuel injection Qbase read from 

45 the fuel injection map at step S2 as an amount of fuel 
injection QrT at step S14, the later split fuel injection is 
performed to spray the amount of fuel injection QrT col- 
lectively at a timing near the top dead center of a com- 
pression stroke as shown in Figure 6B at step S11. 

so Then, the control returns to another cycle of the 
sequence routine. 

[0049] Summarizing the operation and effects of the 
control system in accordance with the above embodi- 
ment of the invention, during the operation of the engine 
55 1 . as shown in Figure 6B. the basic amount of fuel injec- 
tion Qbase is normally sprayed once as a whole 
through the fuel injector 5 at the end of a compression 
stroke through steps S14, S10 and S11) and the fuel 
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mixture which is lean is burnt in the combustion cham- 
ber 4. The NOx absorbent of the catalytic converter 22 
absorbs NOx emissions that is generated accompany- 
ing the combustion. On the other hand, when the NOx 
absorption state determining means 35a determines 
that the amount ol NOx emissions absorbed by the NOx 
absorbent has reached the specified level of NOx 
absorption, the air-to-fuel ratio control means 35b per- 
forms split fuel injection through the early split fuel injec- 
tion in a first half of an intake stroke and the latter split 
fuel injection at the end of a compression stroke while 
performing the control of increasing an amount of fuel 
injection so as to converge an air-to-fuel ratio near to the 
stoichiometric air-to-fuel ratio. The fuel sprayed through 
the early split fuel injection in an intake stroke is suffi- 
ciently and evenly dispersed in the combustion chamber 
4 as the volume of the combustion chamber 4 increases 
along with a downward movement of the piston 3, and 
the most part of the fuel is sufficiently vaporized and 
atomized and mixed with air even though a small part of 
the fuel sticks to the inner wall surface of the cylinder 2, 
thus forming what is called a premixed lean fuel mixture 
entirely in the interior of the combustion chamber 4. 
Along with an increase in cylinder pressure in a second 
half of the compression stroke, the fuel adhered to the 
inner wall surface of the cylinder 2 is also vaporized and 
atomized and fuel gas gradually reacts to surrounding 
oxygen in the pre-mixed lean fuel mixture, thus generat- 
ing reaction heat due to progress of so-called cold flame 
reaction. Since the interior temperature of the entire 
combustion chamber 4 increases due to the reaction 
heat, a spray of the fuel made through the latter split fuel 
injection in the combustion chamber 4 with the interior 
risen in temperature is rapidly vaporized and atomized. 
The spray of fuel through the latter split fuel injection 
does not diffuse over the entire combustion chamber 4 
and, however, converts part of the homogeneous pre- 
mixed lean fuel mixture into a self-ignttable over rich fuel 
mixture. Thereafter, when the cylinder temperature 
reaches a self-ignitable temperature of fuel before the 
top dead center of a compression stroke, combustion is 
accelerated explosively with the over rich fuel mixture 
portion as a core. Even while the total amount of fuel 
injection through the early and latter split fuel injection is 
much more than through normal fuel injection so as to 
cause an average air-to-fuel ratio in the combustion 
chamber 4 near the stoichiometric air-to-fuel ratio due to 
such a combustion condition, the fuel sprayed through 
the early split fuel injection diffuses over the entire inte- 
rior of the combustion chamber 4 and provides a pre- 
mixed lean fuel mixture therein. Since the amount of 
fuel sprayed only through the latter split fuel injection i$ 
not too great, the over rich fuel mixture provided by the 
latter split fuel injection will not form an excess fuel con- 
dition. Moreover, vaporization and atomization of fuel of 
the over rich fuel mixture and mixing the fuel with air are 
significantly improved due to reaction heat of the 
premixed lean fuel mixture, thus restraining generation 



of smoke. According to the exhaust gas purifying sys- 
tem 100, unlike the conventional systems, an average 
air-to-fuel ratio in the combustion chamber 4 is control- 
led to converge near to the stoichiometric air-to-fuel 

5 ratio without increasing smoke in exhaust gas, as a 
result of which the exhaust gas is placed in rich condi- 
tion to force the NOx absorbent of the catalytic con- 
verter 22 to release NOx emissions therefrom. In other 
words, the NOx absorbent is refreshed without increas- 

10 ing smoke in exhaust gas and steadily keeping its NOx 
absorbing capacity. Further, refreshing the NOx absorb- 
ent is carried out only when aggravation of NOx absorb- 
ing capacity is expected to occur resulting from a rise in 
an estimated level of NOx absorption and the air-to-fuel 

is control is carried out so as to change an air-to-fuel ratio 
into the lean state while the level of NOx absorption is 
low, so that fuel consumption is totally improved during 
operation of the engine 1. Moreover, while refreshing 
the NOx absorbent, an air-to-fuel ratio is switched near 

20 to the stoichiometric air-to-fuel ratio only by increasing 
the amount of fuel injection when the engine 1 operates 
in the engine operating region of high engine load, so 
that fluctuations in engine output of the engine 1 is small 
even if an air-to-fuel ratio is switched in the engine oper- 
as ating region of high engine load wherein a large amount 
of fuel is ordinarily sprayed, which provides the passen- 
gers with comfortable riding feeling. In this embodiment, 
when aggravation of NOx absorbing capacity of the 
NOx absorbent is concerned, refreshing the NOx 

30 absorbent is carried out only for one cycle. However, a 
switch near to the stoichiometric air-to-fuel ratio may be 
maintained for a predetermined period (for instance, 
several seconds) since an occurrence of the concern 
about aggravation of NOx absorbing capacity of the 

35 NOx absorbent. On the other hand, except for the 
engine operating region of high engine load operation, 
the intake throttle valve 1 4 is closed so as to reduce the 
amount of intake air admitted into the combustion 
chamber 4 simultaneously with increasing the amount 

40 of fuel injection. In consequence, a rise in engine output 
accompanying an increase in the amount of fuel injec- 
tion is cancelled by a drop due to the decline of the 
amount of intake air, so that fluctuations of engine out- 
put due to the switch of air-to-fuel ratio is suitably con- 

45 trolled, as a result of which the passenger experiences 
only controlled aggravation of comfortable riding feeling 
which is caused by the switch of air-to-fuel ratios. 
[0050] The conditions of early split fuel injection are 
now examined more in detail. As described above, in 

so order to deliver a near stoichiometric air-to-fuel ratio as 
an average air-to-fuel ratio in the combustion chamber 4 
and also to avoid an increase in smoke, a fuel spray pro- 
vided through the early split fuel injection must be dif- 
fused sufficiently and homogeneously in the 

55 combustion chamber 4 and fully vaporized and atom- 
ized so as to be mixed with air. In order to realize this, 
the early split fuel injection must be carried out at least 
in a first half of a compression stroke of each cylinder 2. 
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Even though vaporization and atomization of a fuel 
spray and mixing with air generally change significantly 
due to pressure, humidity, and an intake flow in the com- 
bustion chamber 4, they basically progress in accord- 
ance with a lapse of time after fuel injection, so that it is 
desirable to carry out fuel injection early as engine 
speed is higher so as to provide a long period of time for 
vaporization and atomization of a fuel spray and mixing 
with air. Therefore, as shown in Figure 7, the early injec- 
tion timing is preferable to be between the beginning of 
an intake stroke (after BTDC 350° CA) and a first half of 
a compression stroke (before BTDC 90° CA) and to be 
in a range (shaded in Figure 7) where it is advanced 
more as the engine speed increases. For this reason, 
as illustrated by a virtual line in Figure 7, measurements 
of engine output torque were made while the early split 
fuel injection timing is gradually advanced from around 
top-dead-center of a compression stroke with the 
engine speed kept constant. The result is shown in Fig- 
ure 8. As apparent, it is demonstrated that engine out- 
put torque gradually rises as the split fuel injection 
timing is advanced up to the shaded range in Figure 7 
and is, however, hardly changeable even when the split 
fuel injection timing is advanced into the shaded range. 
This indicates that, when the early split fuel injection 
timing is set to a later point of time outside of the shaded 
range, vaporization and atomization of a fuel spray and 
mixing with air are insufficient and will be accelerated as 
the early split fuel injection timing is advanced more 
and, on the other hand, when the early split fuel injec- 
tion timing is advanced into the shaded range, vaporiza- 
tion and atomization of a fuel spray and mixing with air 
are sufficient. Further, measurements of a change in 
engine output torque with respect to a change in early 
split fuel injection ratio which refers to a ratio of the 
amount of early split fuel injection relative to the amount 
of later spilt fuel injection were made. As apparent from 
Figure 9 which shows the result of measurements, it is 
demonstrated that the engine output torque becomes 
sufficiently high with early split fuel injection ratios 
between 8 to 23 %. This is due to the fact that the cold 
flame reaction of a pre-mixed lean fuel mixture which is 
provided through early split injection does not continue 
effectively till the end of a compression stroke rf the 
early split fuel injection ratio is less than 8 % and vapor- 
ization and atomization of a fuel spray provided through 
the later split fuel injection and mixing with air is hard to 
be sufficiently accelerated due to the reaction heat and, 
on the other hand, that a portion of the pre-mixed lean 
fuel mixture is self-ignited early with an adverse effect of 
generating what is called reverse operating force if the 
early split fuel injection ratio is greater than 23 %. These 
empirical results were the data from a four-cylinder die- 
sei engine of 2,000 cc in displacement that was oper- 
ated with a full engine load at 1,000 rpm. Further, the 
total amount of fuel injection through the early split fuel 
injection and the latter split fuel injection was slightly 
changed so as to generate a constant amount i.e. 1.5 



Bosch, of smoke (which was measured by Smoke Meter 
GSM-2 manufactured by Tsukasa-Sokken Company). 
The air-to-fuel ratio in accordance with the change in 
the total amount fuel injection was, in terms of excess 

5 air ratio {X), approximately 1 .22 (an approximately 3 to 4 
% oxygen concentration of the exhaust gas) for an early 
split fuel injection ratio of 0 %; similarly, approximately 
1.2 for an early split fuel injection ratio of 7 %; approxi- 
mately 1.15 (approximately 2.5 % concentration of oxy- 

w gen in the exhaust gas) for an early split fuel injection 
ratio of 1 1 %; approximately 1 .09 for an early split fuel 
injection ratio of 16 %; approximately 1.01 (approxi- 
mately 0.2% concentration of oxygen in the exhaust 
gas) for an early split fuel injection ratio of 21 %; and 

15 approximately 1 .06 for an early split fuel injection ratio of 
26%. 

[0051] Thus, in accordance with the experimental 
results shown in Figure 9, in consideration of engine 
output characteristics and fuel consumption of the 
20 engine 1 with restrained smoke generation, the early 
split fuel injection is preferable to be from 8 to 23 % and, 
more preferable to be from 10 to 20 % with more favora- 
ble results. 

[0052] While, in the above embodiment, the intake 
25 throttle valve 1 4 is arranged as an intake control means 
and is throttled to reduce the amount of intake air that is 
admitted into the combustion chamber 4 when converg- 
ing an air-to-fuel ratio around the stoichiometric air-to- 
fuel ratio, the amount of intake air may be reduced by 
30 increasing the amount of exhaust gas recirculation by, 
for example, opening the exhaust gas recirculation 
valve 24 when converging an air-to-fuel ratio around the 
stoichiometric air-to-fuel ratio. Further, in the region of 
engine operating conditions where supercharging is 
35 sufficiently carried out through the turbocharger 25, the 
amount of intake air may be reduced by controlling the 
variable vanes 21 b of the turbine 21 so as to reduce sur- 
charging efficiency. Otherwise, the amount of intake air 
may be reduced by simply lowering surcharging pres- 
to sure by forcing the waste gate (not shown) of the turbo- 
charger 25. 

[0053] According to the fuel injection control in the 
embodiment described above, when the level of NOx 
absorption of the NOx absorbent is determined to have 

45 reached the specified level of NOx absorption, an 
increase in the amount of fuel injection is immediately 
carried out for correction and the amount of fuel is 
sprayed through the split fuel injection while the engine 
1 operates in the engine operating region of high engine 

so loads. However, fuel injection may be carried out by, 
after dividing the corrected amount of fuel injection Or 
into two portions, namely an amount of early split fuel 
injection OrL and an amount of later split fuel injection 
QrT right after commencement of the fuel injection con- 

55 trol. carrying out the latter split fuel injection only while 
cancelling the early split fuel injection and carrying out 
the early split fuel injection to spray fuel such as to grad- 
ually increase the amount of fuel along with a lapse of 
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time, as shown in, for example, Figure 10, until deliver- 
ing the amount of early split fuel injection QrL. In this 
way, the engine output do not fluctuate since the 
amount of fuel injection is hardly increased at the begin- 
ning of fuel injection control and, thereafter, gradually 
increase along with a lapse of time following a gradual 
increase in the amount of early split fuel injection. In 
consequence, the engine output is smoothly changed 
when the air-to-fuel ratio is switched, and a natural rid- 
ing feeling is provided. In addition, right after com- 
mencement of the air-to-fuel ratios switching control, an 
increase in engine output caused by an increase in the 
amount of fuel injection may be cancelled by retarding 
the timing of latter fuel injection so as to cause a 
decrease in engine output. In such a case, the timing of 
latter injection may be gradually advanced with a lapse 
of time since commencement of the fuel injection con- 
trol and returned to the original timing. Further, right 
after commencement of the air-to-fuel ratios switching 
control, the engine output may be lowered by gradually 
decrease the amount of latter split fuel injection. In such 
a case, the amount of later split fuel injection may be 
gradually increased with a lapse of time since com- 
mencement of the fuel injection control. 
[0054] Figures 1 1 A - 1 1C show a time chart of fuel 
injection control in accordance with another embodi- 
ment. In the following description, since an exhaust gas 
purifying system 100 is the same in entire structure as 
that of the previous embodiment shown in Figure 1 , the 
same reference numerals have been used to denote 
same or similar elements and parts and explanation of 
these elements and parts are omitted. In the exhaust 
gas purifying system 100 of this embodiment, when the 
level of NOx absorption of an NOx absorbent of a cata- 
lytic converter 22 has reached a predetermined level 
and it is therefore assumed that the catalytic converter 
22 encounters aggravation of NOx absorbing capacity, 
while the air-to-fuel ratio in the combustion chamber 4 is 
switched near to the stoichiometric air-to-fuel ratio as 
was previously described, fuel injection is divided into 
primary split fuel injection around the top dead center of 
a compression stroke and secondary split fuel injection 
in a period from the beginning of an intake stroke to a 
first half of an expansion stroke as shown in Figures 
1 1B or 1 1C. This fuel injection control, which the elec- 
tronic control unit 35 performs, will be specifically 
explained below. 

[0055] Figures 12A and 12B are a flow chart illustrat- 
ing a sequence routine of the fuel injection control which 
is carried out for every predetermined crank angle 
before an intake stroke independently per cylinder 2 and 
may be, however, carried out every predetermined 
period while the engine 1 operates in a normal engine 
operating region. When the sequence logic commences 
and control proceeds to blocks at steps S101 to S103 
where a basic amount of fuel injection Qbase and a 
basic fuel injection timing are read from maps, respec- 
tively, and an estimate of a level of NOx absorption of 



the NOx absorbent is subsequently made at step S103. 
The fuel injection map in which an optimum amount of 
fuel injection Q is empirically defined in accordance with 
a change in acceleration pedal travel and engine speed 

5 as exemplary shown in Figure 1 3. In this map, the basic 
amount of fuel injection Qbase is defined so as to 
become larger with an increase in acceleration pedal 
travel and with an increase in engine speed. 
[0056] Subsequently, a judgement is made at step 

w SI 04 as to whether or not the level of NOx absorption of 
the NOx absorbent of the catalytic converter 22 has 
reached a specified level. Then, when the level of NOx 
absorption is still below the specified level, another 
judgement is made at step S1 10 as to whether or not 

is the engine 1 is in an accelerative drive state. On the 
other hand, when the level of NOx absorption has 
reached the specified level or when the engine 1 is in an 
accelerative drive state, then, a refresh flag F1 is set up 
to a state of T at step S105. This refresh flag F1 indi- 

20 cates that it is within the refreshing period for releasing 
absorbed NOx emissions from the NOx absorbent by 
controlling an air-to-fuel ratio to become on a rich state 
around the stoichiometric air-to-fuel ratio. After chang- 
ing a timer count 71, which indicates a progress of the 

25 refreshing period, by an increment of one at step S106, 
a judgement is made at step S107 as to whether or not 
the timer count 71 has reached a specified timer count 
710. This specified timer count 710 corresponds to a 
time required to release NOx emissions absorbed by 

30 the NOx absorbent roughly entirely when an air-to-fuel 
ratio of exhaust gas has been controlled nearly to the 
stoichiometric air-to-fuel ratio. The specified timer count 
71 0 may be corrected in accordance with engine oper- 
ating conditions such as, for instance, a time for which 

35 the engine 1 is continuously operated with a lean fuel 
mixture and load conditions in which the engine 1 is 
operated for that time. 

[0057] When the timer count 71 has not yet reached 
the specified timer count 710 at step SI 07, in other 

40 words, when it is still within the refreshing period, the 
basic amount of fuel injection Qbase is correctively 
increased and determined as a corrected amount of fuel 
injection Or iso as to deliver an average air-to-fuel ratio 
in the combustion chamber 4 close to the stoichiometric 

45 air-to-fuei ratio at step S1 08. For example, an amount of 
fuel injection that delivers an air-to-fuel ratio around the 
stoichiometric air-to-fuel ratio for an amount of intake air 
that is detected by the air flow sensor 1 1 is determined 
based on the amount of intake air. The corrected 

so amount of fuel injection Or may be empirically deter- 
mined with respect to engine load that is found based 
on an accelerator pedal travel and electronically stored 
in the memory of the electronic control unit 35 in the 
form of a map. 

55 [0058] Thereafter, the corrected amount of fuel injec- 
tion Qr is divided into two portions, an amount of pri- 
mary fuel injection Qr1 and an amount of secondary 
fuel injection Qr2, and timings 7Qr1 and 7Qr2 for these 
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primary and secondary fuel injection are determined at 
step S109. The primary and secondary fuel injection 
timings are specifically shown in Figures 1 1 A - 1 1 C by 
way of example. The timing TOr1 at which the injector 5 
opens to perform the primary fuel injection is advanced 5 
more from BTDC 5° CA as a standard timing with an 
increase in the amount of primary fuel injection Or1 
and, on the contrary, retarded more with a reduction in 
the amount of primary fuel injection Qrl . In other words, 
the primary fuel injection is normal primary fuel carried 
out at an end of a compression stroke (near the top 
dead center of a compression stroke). On the other 
hand, the timing TQr2 at which the injector 5 opens to 
perform the secondary fuel injection is set to be within 
either a pre-fuel injection period which is between the 
beginning of intake stroke and a first half of a compres- 
sion stroke (between BTDC 350° CA and BTDC 90° 
CA) as shown in Figure 11B, or a post-fuel injection 
period which is between the completion of primary fuel 
injection and a first half of an expansion stroke (between 
ATDC 15° CA - ATDC 20° CA) as shown in Figure 11 C 
and is further advanced with an increase in engine load 
and, on the contrary, retarded with a decrease in engine 
load. In other words, the secondary fuel injection, like 
the early split fuel injection in the previous embodiment, 
takes the form of pre-fuel injection that is caused earlier 
than the primary fuel injection while the engine 1 oper- 
ates in the engine operating region of higher engine 
loads and, on the other hand, takes the form of post-fuel 
injection that is caused after the primary fuel injection 
when the engine 1 is in the engine operating region of 
lower engine loads. Moreover, a ratio of the amount of 
secondary fuel injection Qr2 relative to the amount of 
primary fuel injection Qr1 (which is referred to as a sec- 
ondary fuel injection ratio) is empirically determined 
beforehand with respect to engine load and engine 
speed and electronically stored in the form of a map. 
When the secondary fuel injection takes the form of pre- 
fuel injection, the secondary fuel injection ratio is in a 
range between 8 and 23 %, and changed higher in that 
range with an increase in engine load. On the other 
hand, when the secondary fuel injection takes the form 
of post-fuel injection, the secondary fuel injection ratio is 
in a range between 30 and 50 %, and changed smaller 
with an increase in engine load in that range. Thus, 
when the level of NOx absorption of the NOx absorbent 
reaches the specified level and it is assumed that the 
catalytic converter 22 encounters aggravation of NOx 
absorbing capacity in consequence, the amount of fuel 
injection Q is increased for correction such as to deliver 
an air-to-fuel ratio in the exhaust gas near to the stoichi- 
ometric air-to-fuel ratio, thereby refreshing the NOx 
absorbent. At the same time, the amount of fuel injec- 
tion is divided into two portions - an amount of primary 
fuel injection Qr1 and an amount of secondary fuel 
injection Qr2 t so as thereby to restrain generation of 
smoke. The frequency of fuel injection is not limited to 
two times, and the primary and secondary fuel injection 



may be further divided into multiple portions. Further, 
what is called pilot fuel injection may be made right 
before execution of the primary fuel injection. 
[0059] When it is determined that the engine 1 is out 
of the accelerative drive state as a result of the judge- 
ment made at step S1 10, or when it is determined that 
the timer count T1 has reached the specified timer 
count T10 as a result of the judgement made at step 
S107 even when the engine 1 is in the accelerative drive 
state, after resetting the refresh flag F1 to a state of "0" 
at step S1 11 and the timer count T1 to zero at step 
Si 12, the basic amount of fuel injection Qbase read at 
step S102 is employed as the amount of primary fuel 
injection Qr1 at step S113. Specifically, while the level 
of NOx absorption of the NOx absorbent remains below 
the specified level, the amount of fuel injection is not 
increased as long as the engine 1 is out of the acceler- 
ative drive state and the normal primary fuel injection is 
simply carried out. Thus, the air-to-fuel ratio in the com- 
bustion chamber 4 is placed on a lean side, so as 
thereby to improve fuel consumption during overall 
operation of the engine 1 . Further, since there occurs a 
demand for high engine output when the engine 1 oper- 
ates in the accelerative drive state, while the amount of 
fuel injection is increased so as to converge an air-to- 
fuel ratio near to the stoichiometric air-to-fuel ratio with 
an effect of increasing engine output, refreshing the 
NOx absorbent is executed. Thus, the NOx absorbing 
capacity of the NOx absorbent is kept much higher by 
increasing frequency of refreshing the NOx absorbent. 
Moreover, when switching the air-to-fuel ratio during a 
transition from the normal drive state to the accelerative 
drive state, fluctuations of engine output occurring fol- 
lowing a change in air-to-fuel ratio is assumed, so as to 
preserve a comfortable riding feeling. 
[0060] Following the determination of the amounts of 
primary and secondary fuel injection Qr1 and Qr2 and 
timings TQr1 and TQr2 for these primary and second- 
ary fuel injection at step S109, a decision is made at 
step S114 in Figure 12B as to whether or not it is 
expected to perform pre-fuel injection. When the sec- 
ondary fuel injection timing TQr2 has been set within 
the pre-fuel injection period at step S109, this indicates 
that it is expected to perform pre-fuel injection, then, 
another judgement is made at step S115 as to whether 
or not it has reached the pre-fuel injection timing. This 
judgement is made based on a crank angle signal. After 
waiting until the pre-fuel injection timing has come at 
step S115, the pre-fuel injection is executed at step 
S1 16. When it is not expected to perform pre-fuel injec- 
tion at step S114, or after employing the basic amount 
of fuel injection Qbase as the amount of primary fuel 
injection Qr1 at step S1 1 3 when it is determined that the 
engine 1 is out of the accelerative drive state at step 
S110 or when it is determined that the timer count 77 
has reached the specified timer count T10 at step S1 07, 
or after execution of the pre-fuel injection timing at step 
S116, another decision is subsequently made at step 



75 



20 



25 



30 



35 



40 



45 



50 



15 



BNSDOCID: <EP O990768A2J_> 



29 



EP 0 990 788 A2 



30 



S1 17 as to whether or not it is the primary fuel injection 
timing. This judgement is made based on a crank angle 
signal. After waiting until the primary fuel injection tim- 
ing has come at step S1 1 7, the primary fuel injection is 
executed at step S1 1 8. Thereafter, a judgement is made 
at step S119 as to whether it is expected to perform 
post-fuel injection. When it is expected to perform post- 
fuel injection, then, another judgement is made at step 
S120 as to whether or not it has reached the post-fuel 
injection timing. This judgement is made based on a 
crank angle signal. After waiting until the post-fuel injec- 
tion timing has come at step S1 20, the post-fuel injec- 
tion is executed at step S121. On the other hand, when 
it is not expected to perform post-fuel injection at step 
S1 19 or when the post-fuel injection has been executed 
at step S121, the final step orders return for another 
execution of the fuel injection control routine. 
[0061] Figure 1 4 is a flow chart illustrating a sequence 
routine of exhaust gas recirculation control by the elec- 
tronic control unit 35 which is periodically repeated. 
When the sequence logic commences, after reading 
signals representative of various control parameters 
including at least a crank angle (CA), the amount of 
intake air and an accelerator pedal travel at step S201 , 
a basic exhaust gas recirculation ratio EGRb is read 
from an exhaust gas recirculation control map in 
accordance with the accelerator pedal travel and an 
engine speed found from the crank angle at step S202. 
This exhaust gas recirculation control map, as shown in 
Figure 15 by way of example, defines appropriate 
exhaust gas recirculation ratios that have been empiri- 
cally determined with respect to accelerator pedal travel 
and engine speed and electronically stored in the mem- 
ory of the electronic control unit 35. The basic exhaust 
gas recirculation ratios EGRb is defined so as to 
become larger with a decrease in accelerator pedal 
travel and/or with a decrease in engine speed. Subse- 
quently, a target amount of intake air q is read from an 
intake air control map in accordance with the accelera- 
tor pedal travel and the engine speed at step S203. The 
amount of fresh intake air refers to the amount of air 
introduced into the combustion chamber 4, excluding 
the amount of exhaust gas that is recirculated, and is 
detected by the air flow sensor 1 1 . The intake air control 
map, as shown in Figure 16 by way of example, defines 
appropriate amounts of intake air that have been empir- 
ically determined with respect to accelerator pedal 
travel and engine speed and electronically stored in the 
memory of the electronic control unit 35. The amount of 
intake air q is defined so as to become larger with an 
increase in accelerator pedal travel and/or with an 
increase in engine speed. The exhaust gas recirculation 
ratio refers to a ratio of an amount of exhaust gas that is 
recirculated relative to a total amount of are that is intro- 
duced into the combustion chamber 4. Also, typically in 
a direct injection-spark ignition type of diesel engine, 
while the generation of NOx emissions can be 
restrained more effectively as an air-to-fuel ratio in the 



combustion chamber 4 is made smaller by increasing 
the amount of exhaust gas recirculation, however, on 
the contrary, as shown by way of example in Figure 18, 
smoke sharply increases when the air-to-fuel ratio 

5 become too small. Therefore, the basic exhaust gas 
recirculation ratio EGRb and the target amount of intake 
air q determined at steps S202 and S203, respectively, 
are set so as to keep an air-to-fuel ratio in the combus- 
tion chamber 4 of the engine 2 as small as possible 

w within a range where no sharp increase in the amount of 
smoke is caused. 

[0062] Subsequently, at step S204, a judgement is 
made as to whether or not the refresh flag F1 that has 
been set during the fuel injection control is up. When the 

75 refresh flag F1 is up, the basic exhaust gas recirculation 
ratio EGRb and the target amount of intake air q are 
corrected in accordance with an engine load, respec- 
tively, so as to make an air-to-fuel ratio in the combus- 
tion chamber 4 change smaller i^a. become toward a 

20 rich side at step S205. Specifically, a correction value of 
exhaust gas recirculation ratio EGRm is read from an 
exhaust gas recirculation correction map and is added 
to the basic exhaust gas recirculation ratio EGRb. Simi- 
larly, an correction amount of intake air qm is read from 

25 a intake air correction map and is deducted from the tar- 
get amount of intake air q. Although these exhaust gas 
recirculation correction map and intake air correction 
map are not shown, they deine appropriate correction 
values, respectively, that have been empirically deter- 

30 mined with respect to engine loads and electronically 
stored in the memory of the electronic control unit 35. 
Both correction values EGRm and qm are determined 
so as to become smaller with an increase in engine 
load. The corrections of target exhaust gas recirculation 

35 ratio EGRb is set so as not to cause a too large 
increase in the amount of exhaust gas recirculation 
which leads to accidental fire. 

[0063] After the corrections of the basic exhaust gas 
recirculation ratio EGRb and the target amount of air q 

40 at step S205 or when it is determined that the refresh 
flag F1 is down at step S204, a correction value of 
exhaust gas recirculation ratio EGRf/b that is necessary 
to feedback control an exhaust gas recirculation ratio is 
read an exhaust gas recirculation control map such as 

45 shown in Figure 19 by way of example in accordance 
with a deviation of the amount of fresh intake air 
detected by the air flow censor 1 1 from the corrected 
target amount of intake air q at step S206. The exhaust 
gas recirculation control map defines an appropriate 

so correction value of exhaust gas recirculation ratio 
EGRf/b that have been empirically determined with 
respect to deviations between the amount of fresh 
intake air and the corrected target amount of intake air 
and electronically stored in the memory of the electronic 

55 control unit 35. The correction value of exhaust gas 
recirculation ratio EGRf/b is defined so as to become 
smaller with an increase in deviation between the 
amount of fresh intake air and the corrected target 
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amount of intake air when the amount of fresh intake air 
is larger than the corrected target amount of intake air 
and to become larger with an increase in deviation 
between the amount of fresh intake air and the cor- 
rected target amount of intake air when the amount of 5 
fresh intake air is smaller than the corrected target 
amount of intake air. However, there is provided a dead 
zone at a section where the target amount of intake air 
is close to the amount of fresh intake air. 
[0064] At step S207, a target exhaust gas recirculation 10 
ratio EGRt is determined by adding the correction value 
of exhaust gas recirculation ratio EGRflb to the basic 
exhaust gas recirculation ratio EGRb. Subsequently, a 
control signal is output to actuate the electromagnetic 
valve 28 so as thereby to control negative pressure and 15 
drive the exhaust gas recirculation valve 24 according to 
the target exhaust gas recirculation ratio EGRt at step 
S208, and then, the final step orders return for another 
execution of the exhaust gas recirculation control rou- 
tine. In the exhaust gas recirculation control, the feed- 20 
back control through steps S206 and S207 may be not 
always carried out. 

[0065] With the exhaust gas recirculation control, the 
exhaust gas recirculation valve 24 is controlled to open 
so as to make an exhaust gas recirculation ratio larger 25 
while the refresh flag F1 is up. within the refreshing 
period for refreshing the NOx absorbent of the catalytic 
converter 22 than while it is out of the refreshing period. 
Further, the target amount of fresh intake air is reduced 
in correspondence to a decrease in the amount of 30 
intake air occurring accompanying the change in 
exhaust gas recirculation ratio. In consequence, the air- 
to-fuel ratio in the combustion chamber 4 of each cylin- 
der become smaller, that is to say, it changes toward a 
rich side, so as to converge approximately at the stoichi- 35 
ometric air-to-fuel ratio without increasing the amount of 
fuel injection so much during the fuel injection control. 
Further, the decrease in the amount of intake air causes 
a drop in engine output, so that an increase in engine 
output that is caused by an increase in the amount of 40 
fuel injection is cancelled, as a result of which fluctua- 
tions of engine output are reduced. In addition, admit- 
ting exhaust gas into the combustion chamber 4 makes 
fuel combustion appropriately slow, so as to promote 
mixing fuel with air and vaporization and atomization of 45 
the fuel mixture with an effect of improving combustibil- 
ity of the fuel mixture and controlling generation of 
smoke in consequence as well as controlling the level of 
NOx emissions. 

[0066] The exhaust gas recirculation control may be so 
done by detecting an air-to-fuel ratio by a linear 0 2 sen- 
sor that is installed in the exhaust passage 20 and feed- 
back controlling the air-to-fuel ratio so as to converge at 
a target air-to-fuel ratio. 

[0067] Figure 1 9 is a flow chart illustrating a sequence ss 
routine of intake throttle valve control which is periodi- 
cally repeated. When the sequence logic commences, 
after reading signals representative of various control 



parameters including at least a crank angle (CA), the 
amount of fresh intake air and an accelerator pedal 
travel at step S301 , a basic intake throttle valve opening 
or lift TVb is read from a throttle valve control map in 
accordance with engine operating conditions, namely 
the accelerator pedal travel and an engine speed found 
from the crank angle, at step S302. The throttle valve 
control map, as shown in Figure 20 by way of example, 
defines intake throttle valve lift TVb in accordance with 
engine operating conditions that are divided into two 
regions, namely a low load- low-engine speed region 
(A) and a high load -high engine speed region (B) and 
that have been empirically determined and electroni- 
cally stored in the memory of the electronic control unit 
35. The basic intake throttle valve lift TVb is defined to 
be relatively smaller in the low load-low engine speed 
region (A) than in the high load -high engine speed 
region (B). This is for the reason of securing a sufficient 
amount of exhaust gas recirculation through the 
exhaust gas recirculation passage 24 by increasing 
negative pressure (lowering intake pressure) by closing 
the intake throttle valve 14 even in the low load-low 
engine speed region where intake negative pressure is 
essentially low. 

[0068] Subsequently, a judgement is made at step 
S303 as to whether or not the refresh flag F1 is up. 
When the refresh flag remains up (F1 =1), this indicates 
that it is within the refreshing period, then a target intake 
throttle valve opening or lift TVt is determined by 
deducting a correction value TVm from the basic intake 
throttle valve opening TVb at this step S304, and a con- 
trol signal corresponding to the target intake throttle 
valve lift TVt is output to the electromagnetic valve 1 4 to 
drive the intake throttle valve 14 until attaining the target 
intake throttle valve lift TVt at step S305. On the other 
hand, when the refresh flag F1 is reset down (F1 = 0), 
this indicates that it is out of the refreshing period, then, 
the electromagnetic valve 14 drives the intake throttle 
valve 14 until the basic intake throttle valve lift TVb at 
step S305, and then, the final step orders return for 
another execution of the intake throttle valve control rou- 
tine. 

[0069] That is to say, during the refreshing period in 
which the refresh flag F1 remains up and the NOx 
absorbent of the catalytic converter 22 is to be 
refreshed, the intake throttle valve lift TVb is made 
smaller with the result of reducing the amount of fresh 
intake air as compared with during a period other than 
the refreshing period. As a result, intake negative pres- 
sure rises, so as to provide an increase in the amount of 
exhaust gas that is recirculated through the exhaust gas 
recirculation passage 24 with an effect of causing a fur- 
ther reduction in the amount of fresh intake air. Then, 
the same effect as that of the exhaust gas recirculation 
control is obtained resulting from the decrease in the 
amount of intake air, so as to reduce fluctuations of 
engine output accompanying the switch of air-to-fuel 
ratio. 
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[0070] Figure 21 is a flow chart illustrating a sequence 
routine of variable geometric turbocharger control which 
is periodically repeated. When the sequence logic com- 
mences, after reading signals representative of various 
control parameters including at least a crank angle 
(CA), intake pressure, the amount of fresh intake air and 
an accelerator pedal travel at step S401 , a basic nozzle 
cross-sectional area VGTb is read from a variable geo- 
metric turbocharger control map in accordance with 
engine operating conditions, namely the accelerator 
pedal travel and an engine speed found from the crank 
angle, at step S402. The variable geometric turbo- 
charger control map. as shown in Figure 22 by way of 
example, defines basic nozzle cross-sectional area 
VGTb in accordance with engine operating conditions 
that are divided into two regions and that have been 
empirically determined and electronically stored in the 
memory of the electronic control unit 35. The basic noz- 
zle cross-sectional area VGTb is defined to become 
larger with an increase in accelerator pedal travel and/or 
an increase in engine speed. This provides an increase 
in exhaust gas velocity with an effect of improving 
supercharging efficiency. 

[0071] Subsequently, a judgement is made at step 
S403 as to whether or not the refresh flag F1 is up. 
When the refresh flag remains up (F1 = 1 ), this indicates 
that it is within the refreshing period, then a target noz- 
zle cross-sectional area VGTr is determined by adding a 
correction value VA to the basic nozzle cross-sectional 
area VGTb at this step S404, and a control signal corre- 
sponding to the target intake throttle valve lift TVt is out- 
put to the electromagnetic valve 31 to drive the variable 
vanes 21b of the turbine 21 until attaining the target 
nozzle cross-sectional area VGTr at step S405. On the 
other hand, when the refresh flag F1 is reset down (F1 
= 0), this indicates that it is out of the refreshing period, 
then, the electromagnetic valve 31 drives the variable 
vanes 21b of the turbine 21 until attaining the basic noz- 
zle cross-sectional area VGTb step S405. and then, the 
final step orders return for another execution of the var- 
iable geometric turbocharger control routine. 
[0072] In other words, during the refreshing period in 
which the refresh flag F1 remains up and the NOx 
absorbent of the catalytic converter 22 is to be 
refreshed, the nozzle cross-sectional area VGTb is 
made larger with the result of reducing the supercharg- 
ing ability as compared with during a period other than 
the refreshing period. As a result, there occurs a reduc- 
tion in supercharging efficiency which causes a reduc- 
tion in the amount of fresh intake air. Thus, the same 
effect as those of the exhaust gas recirculation control 
and the intake throttle valve control is attained, so as to 
reduce fluctuations of engine output accompanying the 
switch of air-to-fuel ratio. 

[0073] Even in the second embodiment like in the first 
embodiment, a basic amount of fuel Qbase is ordinarily 
sprayed through blanket injection from the injector 5 at 
the end of a compression stroke of each cylinder 2 as 



shown in Figure 1 1(A) during engine operation, and the 
air-fuel mixture is burnt in the combustion chamber 4 of 
each cylinder with an air-to-fuel ratio on a lean side. 
NOx emissions generating due to the combustion of 

5 such a lean air-fuel mixture is absorbed by the NOx 
absorbent of the catalyst converter 22. On the other 
hand, when the level of NOx absorption of the NOx 
absorbent becomes as high as it exceeds the specified 
level of NOx absorption, the fuel injection control is 

10 made to provide an increase in the amount of fuel so as 
to converge an air-to-fuel ratio in the combustion cham- 
ber 4 near to the stoichiometric air-to-fuel ratio. In other 
words, while the basic amount of fuel Qbase is 
increased up to a corrected amount of fuel Or, the 

75 amount of intake air is reduced through the exhaust gas 
recirculation control, the intake throttle valve control and 
the variable geometric turbocharger control. At the 
same time, when the engine 1 operates in the high load 
region, fuel injection is divided into two parts - pre-fuel 

20 injection and primary fuel injection - as shown in Figure 
1 1 (B), as a result of which, the same effect as that in the 
first embodiment is obtained. Further, when the engine 
1 operates in the low load region, fuel injection is 
divided into two parts - primary fuel injection and post- 
25 fuel injection right after completion of the primary fuel 
injection - as shown in Figure 1 1 (C). Then, the post-fuel 
injection is carried out right after the primary fuel injec- 
tion, so as to deliver fuel into the combustion chamber 4 
at extremely high temperature and pressure, as a result 

3 o of which the fuel spray is rapidly vaporized and atom- 
ized and the most part of the fuel is completely burnt 
and, in consequence, generation of smoke by which the 
incomplete combustion of fuel is accompanied is 
restrained. Moreover, comparing with the case where 

35 the post-fuel injection is carded out from an expansion 
stroke to an exhaust stroke as conventionally, the 
amount of unburnt fuel discharged from the combustion 
chamber 4 is significantly reduced. In particular, since 
there is a demand for low engine output and a low total 

40 amount of fuel to be sprayed in the low load region, 
there is no occurrence of a rapid increase in the amount 
of smoke nor sharp aggravation of fuel consumption 
even when controlling an air-to-fuel ratio in the combus- 
tion chamber 4 to converge around the stoichiometric 

45 air-to-fuel ratio. 

[0074] Figure 23 shows an experimental result of a 
comparison test of the amount of smoke relative to 
excess air ratio between split fuel injection involving pri- 
mary fuel injection and post-fuel injection and blanket 

so fuel injection comprising primary fuel injection. The 
empirical result was the data from a four-cylinder diesel 
engine of 2,000 cc in displacement that was operated at 
1 ,500 rpm in the low engine load region. Further, the 
total amount of fuel to be sprayed was divided into two 

55 equal parts for the primary fuel injection and the post- 
fuel injection made at timings fixed to BTDC 5° CA and 
ATDC 20° CA, respectively. As apparent from Figure 23, 
it is revealed that, in connection with the blanket fuel 
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injection, the amount of smoke significantly lowers when 
an average excess air ratio (X) in the combustion cham- 
ber 4 is greater than 1.6 and, however, sharply 
increases as the excess air ratio (X) gradually lowers 
from 1 .6. It is demonstrated that smoke generates twice 5 
as much as generating at average excess air ratios (X) 
greater than 1.6 when an average excess air ratio (X) is 
one (1), at the stoichiometric air-to-fuel ratio. On the 
contrary, in connection with the split fuel injection, the 
amount of smoke generated at an average excess air 70 
ratio (X) of 1.2 or between 1.2 and 1.6 is almost the 
same as that at an average excess air ratio (X) greater 
than 1 .6, and smoke remains sufficiently less in amount 
even at an average excess air ratios (X) of one (1). Par- 
ticularly at an excess air ratio {X) of one (1 ), the amount 15 
of smoke generating during the split fuel injection is less 
than approximately the quarter the amount of smoke 
that generates during the blanket fuel injection, From 
the result of this assessment, it is understood that gen- 
eration of smoke is significantly restrained by spraying 20 
fuel through the split fuel injection. Thus, the fuel injec- 
tion control system according to the second embodi- 
ment controls an air-to-fuel ratio in the combustion 
chamber 4 to converge around the stoichiometric air-to- 
fuel ratio without accompanying a sharp quantitative 2 s 
increase of smoke and remarkable aggravation of fuel 
consumption and, in consequence, refreshes the NOx 
absorbent even while the engine 1 operates in the low 
engine load region, so as to can be refreshed. Moreo- 
ver, the post-fuel injection provides an increase in 30 
unburnt HC and CO emissions in exhaust gas which 
react with NOx emissions, as a result of which NOx 
emissions are reduced, so as to promote releasing NOx 
emissions from the NOx absorbent, thereby quickly 
refreshing the NOx absorbent. Similarly to the first 35 
embodiment, refreshing the NOx absorbent is carried 
out only when the NOx absorbent is expected to have 
lowered its NOx absorption ability due to having 
absorbed NOx emissions in excess, fuel consumption is 
improved for the overall period of operation of the 40 
engine 1 . It may be done without estimating a level of 
NOx absorption of the NOx absorbent to periodically 
control an air-to-fuel ratio in the combustion chamber 4 
so as to converge around the stoichiometric air-to-fuel 
ratio. 45 
[0075] Figure 24 shows an experimental result of a 
test of the amount of smoke and fuel consumption ratio 
relative to post-fuel injection timing. The empirical result 
was the data from a four-cylinder diesel engine of 2,000 
cc in displacement that was operated with a specified so 
low engine load at 1 ,500 rpm. Further, while the total 
amount of fuel was determined so as to cause an air-to- 
fuel ratio to converge around the stoichiometric air-to- 
fuel ratio, it was divided into two equal parts for the pri- 
mary fuel injection and the post-fuel injection made at 55 
timings fixed to BTDC 5° CA and ATDC from 10° to 30° 
CA, respectively. As clearly understood from Figure 24, 
the amount of smoke shows a drastic reduction when 



the post-injection is carried out in the crank angle range 
of ATDC 15° to ATDC 25° CA. However, in this crank 
angle range, fuel consumption aggravates more as the 
post-fuel injection timing retards. Accordingly, it is 
revealed that, if fuel consumption is given priority, the 
post-fuel injection timing is preferred to be advanced. In 
the light of the object of the present invention that while 
controlling an air-to-fuel ratio in the combustion cham- 
ber 4 to converge around the stoichiometric air-to-fuel 
ratio, both an increase in the amount of smoke at the air- 
to-fuel ratio and aggravation of fuel consumption are 
restrained, the post -fuel injection timing is considered to 
be especially preferable to be between ATDC 15° CA to 
ATDC 20° CA. 

[0076] Figure 25 shows an experimental result of a 
test of the amount of smoke and fuel consumption ratio 
relative to post-fuel injection ratio which refers to the 
ratio of the amount of fuel injection through post-fuel 
injection relative to the amount of fuel injection through 
primary fuel injection. The empirical result was the data 
from a four-cylinder diesel engine of 2,000 cc in dis- 
placement that was operated with a specified low 
engine load at 1 ,500 rpm and the primary fuel injection 
and the post-fuel injection were made at timings fixed to 
BTDC 5° CA and ATDC 20° CA, respectively Measure- 
ments were made for various post-fuel injection ratios 
between 0 and 70 %. As clearly understood from Figure 
25. the best fuel consumption is gained when the post- 
fuel injection ratio is 0 %, in other words, when the entire 
amount of fuel is sprayed through the primary fuel injec- 
tion all at once and, however, the amount of smoke is 
too large for the best fuel consumption as shown in Fig- 
ure 24. Further, as the post-fuel injection ratio gradually 
increases from 0%, the amount of smoke approximately 
linearly decreases correspondingly to a change in post- 
fuel injection ratio and, on the contrarily, the fuel con- 
sumption ratio gradually increase at a change rate that 
sharply increases at a post-fuel injection ratio exceed- 
ing approximately 50 %. ft is revealed in the assessment 
that the post-fuel injection ratio is preferred to be less 
than 50%. As a result, in the light of restraining both an 
increase in the amount of smoke and aggravation of fuel 
consumption, the post-fuel injection ratio is preferred to 
be between approximately 30 and 50 %. 
[0077] Figure 26 shows an experimental result of a 
test of a change in fuel consumption ratio relative to a 
change in excess air ratio. The test was made by divid- 
ing the total amount of fuel injection into two equal parts 
for the primary fuel injection and the post-fuel injection 
made at timings fixed to BTDC 5° CA and ATDC 20° CA, 
respectively. Measurements were made for various total 
amounts of fuel injection which provides excess air 
ratios (X) between 1 and 1 .7. As clearly understood from 
Figure 26. the fuel consumption ratio experiences sharp 
aggravation as the excess air factor (X) reaches 1 .4 and 
becomes lower below it. Thus, in the light of restraining 
aggravation of the fuel consumption ratio, it is preferable 
to control an air-to-fuel ratio in the combustion chamber 
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4 to a ratio as high as possible on a lean side even 
though controlling it so as to converge around the stoi- 
chiometric air-to-fuel ratio. In the second embodiment, 
during refreshing the NOx absorbent of the catalyst 
converter 22, while controlling an air-to-fuel ratio in the 
combustion chamber 4 to converge around the stoichio- 
metric air-to-fuel ratio, the amount of fuel is divided into 
two parts, on one hand, for pre-fuel injection and pri- 
mary fuel injection when the engine 1 operates in the 
high engine load region and, on the other hand, for pri- 
mary fuel and post-fuel injection when the engine 1 
operates in the low engine load region. However, it may 
be done to divide fuel injection into two split fuel injec- 
tion - primary fuel injection and post-fuel injection - while 
controlling an air-to-fuel ratio in the combustion cham- 
ber 4 to converge around the stoichiometric air-to-fuel 
ratio only when the engine 1 operates in the low engine 
load region. Further, although an air-to-fuel ratios in the 
combustion chamber 4 is controlled to converge around 
the stoichiometric air-to-fuel ratio in all of the four cylin- 
ders 2 of the engine 1 during refreshing the NOx 
absorbent of the catalyst converter 22. the control air-to- 
fuel ratio toward the stoichiometric air-to-fuel ratio and 
the split fuel injection may be done in some cylinders 2 
only. 

[0078] Figures 27A and 27B show a flow chart illus- 
trating a sequence routine of fuel injection control in 
accordance with another embodiment of the invention. 
Since the entire structure of the exhaust gas purifying 
system 100 for a diesel engine relating to this embodi- 
ment is the same as that of the first embodiment shown 
in Figure 1 . a detailed description of the third embodi- 
ment is omitted by using the same reference numerals 
to refer to same or similar parts. In the third embodi- 
ment, the exhaust gas purifying system 100 employs a 
three-way catalytic converter 22, which carries a noble 
metal or noble metals such as platinum, rhodium and 
the like on alumina or the like, installed the exhaust pas- 
sage 20 of the diesel engine 1 and while controlling an 
air-to-fuel ratio in the combustion chamber 4 toward the 
stoichiometric air-to-fuel ratio over the entire region of 
ordinary engine operating conditions, fuel injection is 
performed through two parts - primary fuel injection and 
secondary fuel injection - in the same manner as in the 
second embodiment. Fuel injection control is performed 
independently by cylinder every specified crank angle 
(CA) before an intake stroke. When the sequence logic 
commences, after reading signals representative of var- 
ious control parameters including at least a crank angle 
(CA), the amount of fresh intake air, an accelerator 
pedal travel and oxygen concentration at step S501, a 
basic amount of fuel injection Qbase is determined with 
reference to a fuel injection control map in accordance 
with the accelerator pedal travel and an engine speed 
found from the crank angle and, at the same time, an 
fuel injection timing is determined with reference to 
another fuel injection control map in accordance with 
the accelerator pedal travel and the engine speed. Sub- 



sequently, a judgement is made at step S503 as to 
whether or not an air-to-fuel ratio in the combustion 
chamber 4 is equal to or lower than the stoichiometric 
air-to-fuel ratio, which judgement is practically made on 

5 the basis of oxygen concentration represented by an 
output signal from the 0 2 sensor 17. When the air-to- 
fuel ratio is equal to or lower than the stoichiometric air- 
to-fuel ratio, a correction amount of fuel injection Qf/b 
that is necessary to feedback control an air-to-fuel ratio 

w is determined by deducting a specified value a from the 
previous correction amount of fuel injection Qf/b at step 
S504. On the other hand, when the air-to-fuel ratios are 
larger than the stoichiometric air-to-fuel ratio, a correc- 
tion amount of fuel injection Qf/b is determined by add- 

75 ing the specified value a to the previous correction 
amount of fuel injection Qf/b at step S505. After having 
determined the correction amount of fuel injection Qf/b 
at step S504 or S505, an amount of fuel injection Or 
that is to be sprayed is determined by adding the correc- 

20 tion amount of fuel injection Qf/b to the basic amount of 
fuel injection Qbase at step S506 and amounts of fuel 
Qr1 and Qr2 for primary fuel injection and secondary 
fuel injection, respectively, into which the amount of fuel 
injection Qr is divided and timings TQr1 and TQr2 for 

25 these primary fuel injection and secondary fuel injection 
are determined at step S507 in the same manner as in 
the first embodiment shown in Figure 12A. Subse- 
quently, the control proceeds to steps S508 through 
S51 5 in Figure 27B which are correspond to steps S1 1 4 

30 through S121 in the second embodiment shown in Fig- 
ure 12B, respectively. That is, a decision is made at step 
S508 as to whether or not it is expected to perform pre- 
fuel injection. When it is expected to perform pre-fuel 
injection, then, another judgement is made at step S509 

35 as to whether or not it has reached the pre-fuel injection 
timing. After waiting until the pre-fuel injection timing 
has come at step S509, the pre-fuel injection is exe- 
cuted at step S510. When it is not expected to perform 
pre-fuel injection at step S508 or after having performed 

40 pre-fuel injection at step S510, another decision is sub- 
sequently made at step S51 1 as to whether or not it is 
the primary fuel injection timing. After waiting until the 
primary fuel injection timing has come at step S51 1, the 
primary fuel injection is executed at step S51 2. Thereaf- 

45 ter, a further judgement is made at step S513 as to 
whether it is expected to perform post-fuel injection. 
When it is expected to perform post-fuel injection, then, 
after waiting until the post-fuel injection timing has come 
at step S514, the post-fuel injection is executed at step 

so S51 5. When it is not expected to perform post-fuel injec- 
tion at step S513 or when the post-fuel injection has 
been executed at step S51 5, the sequence logic returns 
for another execution of the fuel injection control routine. 
[0079] In the fuel injection control, while an air-to-fuel 

55 ratio in the combustion chamber 4 of each cylinder 2 is 
feedback-controlled to converge around the stoichio- 
metric air-to-fuel ratio on the basis of an output signal 
from the 0 2 sensor 17 installed in the exhaust passage 
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20 during operation of the diese! engine 1 , the amount 
of fuel is divided into two parts that are sprayed through 
two split fuel injection by the injector 5 by cylinder. 
[0080] Figure 29 is a flow chart illustrating a sequence 
routine of exhaust gas recirculation control which is s 
periodically repeated. When the sequence logic com- 
mences, after reading signals representative of various 
control parameters including at least a crank angle 
(CA), the amount of intake air and an accelerator pedal 
travel at step S601, a basic exhaust gas recirculation 10 
ratio EGRb is read from a basic exhaust gas recircula- 
tion control map in accordance with the accelerator 
pedal travel and an engine speed found from the crank 
angle at step S602 and a target amount of intake air q 
is subsequently read from an intake air control map in is 
accordance with the accelerator pedal travel and the 
engine speed at step S603. Although these control 
maps me similar to those shown in Figures 15 and 16, 
the basic exhaust gas recirculation ratio EGRb is 
defined so as to cause ah air-to-fuel ratio to converge at 20 
the stoichiometric air-to-fuel ratio more easily as com- 
pared with the target amount of intake air q. A correction 
value of exhaust gas recirculation ratio EGRf/b is read 
from an exhaust gas recirculation ratio control map at 
step S604 and a target exhaust gas recirculation ratio 25 
EGRt is subsequently determined by adding the correc- 
tion value of exhaust gas recirculation ratio EGRf/b to 
the basic exhaust gas recirculation ratio EGRb at step 
S605. At step S606, a control signal is output to actuate 
the electromagnetic valve 28 so as thereby to drive the 30 
exhaust gas recirculation valve 24 according to the tar- 
get exhaust gas recirculation ratio EGRt and then, the 
final step orders return for another execution of the 
exhaust gas recirculation control routine. 
[0081] As described above, the target exhaust gas 35 
recirculation ratio EGRt is determined by feedback con- 
trolling and correcting a basic exhaust gas recirculation 
ratio EGRb on the basis of deviation between an actual 
amount of fresh intake air which is found from an output 
signal from the air flow sensor 1 1 and an target amount 40 
of fresh intake air q, and the exhaust gas recirculation 
valve 24 is driven so as to attain the target exhaust gas 
recirculation ratio EGRt. 

[0082] Figure 30 is a flow chart illustrating a sequence 
routine of intake throttle valve control which is periodi- 45 
cally repeated. When the sequence logic commences, 
after reading signals representative of various control 
parameters including at least a crank angle (CA), the 
amount of fresh intake air and an accelerator pedal 
travel at step S701 , a basic intake throttle valve opening so 
or lift TVb is read from a throttle valve control map such 
as shown in Figure 31 in accordance with engine oper- 
ating conditions at step S702. Specifically, the throttle 
valve control map defines intake throttle valve lift TVb in 
accordance with accelerator pedal travels that are 55 
divided into two regions, Le, a small accelerator pedal 
travel region and a large accelerator pedal travel region 
and that have been empirically determined and elec- 



tronically stored in thememory of the electronic control 
unit 35. The basic intake throttle valve lift TVb is defined 
so as to become smaller with a decrease in accelerator 
pedal travel in the small accelerator pedal travel region, 
thereby decreasing the amount of fresh intake air with 
an effect of making an air-to-tuel ratio easily converge at 
the stoichiometric air-to-fuel ratio, and, on the other 
hand, to become some what lower with an increase in 
accelerator pedal travel in the large accelerator pedal 
travel region, thereby increasing intake pressure with an 
effect of admitting exhaust gas sufficiently into an intake 
air stream. 

[0083] At step S603, a control signal corresponding to 
the basic intake throttle valve lift TVb is output to the 
electromagnetic valve 14 to drive the intake throttle 
valve 14 until attaining the basic intake throttle valve lift 
TVb and then, the final step orders return for another 
execution of the intake throttle valve control routine. 
[0084] In the intake throttle valve control, an air-to-fuel 
ratio in the combustion chamber 4 is controlled to con- 
verge around the stoichiometric air-to-fuel ratio during 
operation of the diesel engine 1 , so that the three-way 
catalytic converter in the exhaust passage 20 effectively 
lowers levels of HC, CO and NOx emissions in exhaust 
gas to purify the exhaust gas while an air-to-fuel ratio in 
the exhaust gas becomes close to the stoichiometric 
air-to-fuel ratio. Further, the amount of fuel that is to be 
sprayed is divided into two parts for split fuel injection, 
so as to prevent generation of a large amount of smoke 
even when the stoichiometric air-to-fuel ratio is attained 
in the combustion chamber 4. In other words, the three- 
way catalytic converter purifies exhaust gases without 
being accompanied by an increase in the amount of 
smoke in the exhaust gases. 

[0085] The exhaust gas purifying system 100 of the 
present invention is not limited to the embodiments 
described above, and may include other variants and 
embodiments. For example, although, in the respective 
embodiments, the exhaust gas purifying system 100 is 
applied to a diesel engine, it may be applied as a fuel 
injection system for a direct injection-spark ignition type 
of diesel engine and a direct injection-spark ignition 
type of gasoline engine. 

[0086] In the exhaust gas purifying system 100 in 
which a three-way catalytic converter 22 is installed in 
the exhaust passage 20 of the diesel engine 1, while 
adapting the diesel engine 1 to operate normally in the 
high engine load region and controlling an air-to-fuel 
ratio in the combustion chamber 4 of the diesel engine 1 
to converge around the stoichiometric air-to-fuel ratio, 
the amount of fuel to he sprayed may be divided into two 
parts for early split fuel injection and latter split fuel 
injection as shown in Figure 32. 
[0087] Referring to Figure 32 showing a flow chart 
illustrating a sequence routine of fuel injection control 
which is periodically performed, when the sequence 
logic commences and control proceeds directly to a 
block at step S701 where various control parameters 
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including at least a crank angle (CA), oxygen concentra- 
tion, an amount of fresh intake air, an accelerator pedal 
travel. Subsequently, an amount of fuel injection Qr, 
which delivers an air-to-fuel ratio near the stoichiometric 
air-to-fuel ratio, is determined on a fuel injection control 
map in accordance with target engine output torque 
which is determined on the basis of the accelerator 
pedal travel and an engine speed which is found from 
the crank angle at step S702, and the amount of fuel 
injection Qr is divided into two parts, namely an amount 
of early split fuel injection QrL and an amount of later 
split fuel injection QrT at step S703. After waiting until 
an early split fuel injection timing is reached at step 
S704, the early split fuel injection is executed to spray 
the amount of fuel QrL at step S705. Similarly, after 
waiting until a later split fuel injection timing is reached 
at step S706, the later split fuel injection is executed to 
spray the amount of fuel QrT at step S705. 
[0088] According to the fuel injection control 
described above, the diesel engine 1 is enabled to oper- 
ate at an approximately stoichiometric air-to-fuel ratio 
without increasing the amount of smoke in exhaust gas. 
Similarly to the third embodiment, HC, CO and NOx 
emissions in exhaust gas are significantly effectively 
lowered in level by the three-way catalytic converter 
installed in the exhaust passage 20. Further, in the 
respective embodiments previously described, although 
the exhaust gas purifying system 100 is adapted to 
cause the catalyst converter 22 to release NOx emis- 
sions from the NOx absorbent by the aid of controlling 
an air-to-fuel ratio in the combustion chamber 4 to con- 
verge near to the stoichiometric air-to-fuel ratio, it may 
be done to control at air-to-fuel ratio in the combustion 
chamber 4 to be lower (on a rich side) than the stoichio- 
metric air-to-fuel ratio, so as thereby to cause the cata- 
lyst to supply an increased amount of reduction and 
deoxidization materia! with which the NOx absorbent is 
promoted to release NOx emissions. 

Claims 

1. An exhaust gas purifying system (100) for an 
engine (1) of a type which has a fuel injector (5) for 
spraying fuel directly into an combustion chamber 
(4) of each of multiple cylinders (2) and is equipped 
with exhaust purification means (22) which is dis- 
posed in an exhaust gas passage (20) through 
which exhaust gas is discharged from the engine 
(1) and purifies exhaust gas at least while the 
exhaust gas is at a low level of oxygen concentra- 
tion, characterized by: 

fuel injection control means (35) for dividing an 
amount of fuel to be sprayed through said fuel 
injector (5) into at least two parts for split fuel 
injection through which said amount of fuel is 
sprayed between the beginning of an intake 
stroke and an end of a first half of a compres- 



sion stroke following said intake stroke while 
exhaust gas is at said low level of oxygen con- 
centration. 

5 2. The exhaust gas purifying system (1 00) as defined 
in claim 1, wherein said engine (1) is a direct injec- 
tion-spark ignition type of diesel engine, character- 
ized by: 

io said exhaust purification means (22) compris- 

ing a NOx absorbent which absorbs NOx emis- 
sions in a high oxygen level of exhaust gas 
which contains oxygen in excess and releases 
absorbed NOx emissions in response to a 

is decrease in oxygen concentration of the 

exhaust gas, and said fuel injection control 
means (35) causing said split fuel injection 
between the beginning of an intake stroke and 
the top dead center of a compression stroke 

20 following said intake stroke. 

3. The exhaust pas purifying system (1 00) as defined 
in claim 1 , and further characterized by: 

25 air-to-fuel control means (35) for controlling an 

air-to-fuel ratio in said combustion chamber to 
converge at a stoichiometric air-to-fuel ratio, 
and said fuel injection control means causing 
said split fuel injection while said air-to-fuel 

30 control means (35) controls an air-to-fuel ratio 

in said combustion chamber to converge at 
said stoichiometric air-to-fuel ratio. 

4. The exhaust gas purifying system (1 00) as defined 
35 in claim 2 or 3, and further characterized by: 

said fuel injection control means (35) dividing 
said amount of fuel into two parts for primary 
fuel injection which is caused near the top dead 
40 center of a compression stroke and secondary 

fuel injection which is caused between the 
beginning of an intake stroke prior to said com- 
pression stroke and an end of a first half of said 
compression stroke. 

45 

5. The exhaust gas purifying system (100) as defined 
in claim 4, characterized by: 

an amount of fuel that is sprayed through said 
so fuel injector (5) through said secondary fuel 

injection being between 8 and 23 % of an 
amount of fuel that is sprayed through said fuel 
injector (5) through said primary fuel injection. 

55 6. The exhaust gas purifying system (100) as defined 
in claim 4, characterized by: 

said secondary fuel injection being caused 
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after an exhaust valve of each said cylinder (2) 
has been closed in said intake stroke. 

7. The exhaust gas purifying system (100) as defined 
in claim 3, characterized by: 

said air-to-fuel control means (35) controlling 
an air-to-fuel ratio in said combustion chamber 
(4) to converge at approximately said air-to-fuel 
ratio. 

8. The exhaust gas purifying system (100) as defined 
in claim 1, wherein said engine (1) is a direct injec- 
tion-spark ignition type of diesel engine, character- 
ized by:. 



said secondary fuel injection being caused at 
an crank angle between 15° and 25° after the 
top dead center of a compression stroke. 

5 13. The exhaust gas purifying system (100) as defined 
in claim 10, characterized by: 

said secondary fuel injection being caused at 
an crank angle between 15° and 25° after the 
io top dead center of a compression stroke. 

14. The exhaust gas purifying system (100) as defined 
in claim 10, characterized by: 

15 an amount of fuel that is sprayed through said 

fuel injector (5) through said secondary fuel 
injection being between 30 and 50 % of an 
amount of fuel that is sprayed through said fuel 
injector (5) through said primary fuel injection. 

15. The exhaust gas purifying system (100) as defined 
in any one of said preceding claims 11 - 14, charac- 
terized by: 

said air-to-fuel control means (35) controlling 
an air-to-fuel ratio to converge at an air-to-fuel 
ratio on a rich side which is approximately 
equal to or lower than a stoichiometric air-to- 
fuel ratio. 

16. The exhaust gas purifying system (100) as defined 
in any one of said preceding claims 3, 9 and 11-14, 
wherein said engine (1) is a diesel engine and 
equipped with an exhaust gas recirculation system 
(23, 24) which comprises an exhaust gas recircula- 
tion passage (23) through which exhaust gas is 
partly recirculated into said exhaust passage (20) 
and exhaust gas recirculation regulation means 
(24) for regulating an amount of exhaust gas that is 
recirculated through said exhaust gas recirculation 
passage (23), characterized by: 

said air-to-fuel control means (35) switching an 
air-to-fuel ratio in said combustion chamber (4) 
between a rich side on which an air-to-fuel ratio 
is lower than a stoichiometric air-to-fuel ratio 
and a lean side on which an air-to-fuel ratio is 
higher than said stoichiometric air-to-fuel ratio 
and being equipped with exhaust gas recircula- 
tion control means (28, 29) for controlling said 
exhaust gas recirculation regulation means 
(24) so as to make an exhaust gas recirculation 
ratio of an amount of exhaust gas that is admit- 
ted into an intake air stream by said exhaust 
gas recirculation system (23, 24) relative to a 
total amount of intake air that is introduced into 
said engine (1) greater when said air-to-fuel 
ratio control means (35) controls an air-to-fuel 



said exhaust purification means (22) compris- 
ing a NOx absorbent which absorbs NOx emis- 
sions in a high oxygen level of exhaust gas 
which contains oxygen in excess and releases 20 
absorbed NOx emissions in response to a 
decrease in oxygen concentration of the 
exhaust gas, 

9. The exhaust gas purifying system (100) as defined 25 
in claim 8, characterized by: 

air-to-fuel control means (35) for controlling an 
air-to-fuel ratio in said combustion chamber (4) 
of a specified one of said multiple cylinders (2) 30 
to converge at an air-to-fuel ratio on a rich side 
which is approximately equal to or lower than 
said stoichiometric air-to-fuel ratio and said fuel 
injection control means (35) causing said split 
fuel injection in connection with said combus- 35 
tion chamber (4) of said specified cylinder. 

10. The exhaust gas purifying system (100) as defined 
in daim 8 or 9, characterized by: 

40 

said fuel injection control means (35) dividing 
said amount of fuel into two parts for primary 
fuel injection which is caused near the top dead 
center of a compression stroke and secondary 
fuel injection which is caused between the 45 
beginning of an intake stroke prior to said com- 
pression stroke and an end of a first half of said 
compression stroke. 

11. The exhaust gas purifying system (100) as defined so 
in claim 10, characterized by: 

said secondary fuel injection being caused at 
an crank angle between 10° and 20° after the 
top dead center of a compression stroke. 55 

12. The exhaust gas purifying system (100) as defined 
in claim 10, characterized by: 
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ratio in said combustion chamber to be on said 
rich side than when said air-to-fuel ratio control 
means (35) controls said air-to-fuel ratio in said 
combustion chamber to be on said lean side. 

17. The exhaust gas purifying system (100) as defined 
in claim 3 or 9, wherein said engine is a diesel 
engine, characterized by: 

intake throttle means (14) for regulating an 
amount of intake air introduced into said com- 
bustion chamber 4 and said air-to-fuel control 
means (35) switching an air-to-fuel ratio in said 
combustion chamber (4) between a rich side 
on which an air-to-fuel ratio is lower than a sto- 
ichiometric air-to -fuel ratio and a lean side on 
which an air-to-fuel ratio is higher than said sto- 
ichiometric air-to-fuel ratio and being equipped 
with intake air control means (15, 16, 29) for 
controlling said intake throttle means (14) so as 
to make an amount of intake air that is admitted 
into an intake passage 10 smaller when said 
air-to-fuel ratio control means (35) controls an 
air-to-fuel ratio in said combustion chamber to 
be on said rich side than when said air-to-fuel 
ratio control means (35) controls said air-to-fuel 
ratio in said combustion chamber to be on said 
lean side. 

18. The exhaust gas purifying system (100) as defined 
in claim 4 or 10, wherein said engine is a diesel 
engine, characterized by: 

said fuel injection control means (35) advanc- 
ing a timing at which said secondary fuel injec- 
tion is made more as an engine load increases. 

19. The exhaust gas purifying system (100) as defined 
in claim 4 or 10, wherein said engine is a diesel 
engine, characterized by: 

said fuel injection control means changing a 
ratio of an amount of fuel that is sprayed 
through said fuel injector (5) through said sec- 
ondary fuel injection relative to an amount of 
fuel that is sprayed through said fuel injector (5) 
through said primary fuel injection to be lower 
as an engine load decreases. 

20. The exhaust gas purifying system (100) as defined 
in claim 1 , wherein said engine is a diesel engine, 
characterized by: 

said fuel injection control means (35) dividing 
said amount of fuel to be sprayed through said 
fuel injector (5) into at least two parts for pri- 
mary fuel injection which is made near the top 
dead center of a compression stroke of a spec- 



ified cylinder (2) and secondary fuel injection 
which is means between the beginning of an 
intake stroke prior to said compression stroke 
and an end of a first half of said compression 
s stroke so as to converge an oxygen concentra- 

tion of exhaust gas at less than 4 %. 

21. The exhaust gas purifying system (100) as defined 
in daim 1, wherein said engine is a diesel engine, 

10 characterized by: 

said fuel injection control means (35) dividing 
an amount of fuel to be sprayed through said 
fuel injector (5) into at least two parts for pri- 

15 mary fuel injection which is made near the top 

dead center of a compression stroke of a spec- 
ified cylinder (2) and secondary fuel injection 
which is made between commencement of 
said primary fuel injection and an end of a first 

20 half of said compression stroke so as to con- 

verge an oxygen concentration of exhaust gas 
at less than 4 %. 

22. The exhaust gas purifying system (100) as defined 
25 in claim 1 , characterized by: 

an engine load sensor (32) operative to detect 
an engine load with which said engine (1) is 
operating and said fuel injection control means 

30 (35) dividing said amount of fuel to be sprayed 

through said fuel injector (5) into at least two 
parts for primary fuel injection which is caused 
near the top dead center of a compression 
stroke of a specified cylinder (2) and secondary 

35 fuel injection which is caused between the 

beginning of an intake stroke prior to said com- 
pression stroke and an end of a first half of said 
compression stroke such that a ratio of an 
amount of fuel that is sprayed through said fuel 

40 injector (5) through said secondary fuel injec- 

tion relative to said amount of fuel to be 
sprayed through said fuel injector (5) becomes 
lower as said engine load increases. 

45 23. The exhaust gas purifying system (100) as defined 
in claim 22, characterized by: 

said secondary fuel injection being made either 
between the beginning of an intake stroke and 
so an end of a first half of a compression stroke 

following said intake stroke or between comple- 
tion of primary fuel injection and an end of a 
first half of a compression stroke following said 
intake stroke. 

55 
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equipped with a catalytic converter having a NOx 
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pression stroke following the intake stroke. While the 
engine operates in a high engine load region, an intake 
throttle valve is closed so as to decrease the amount of 
intake air that is introduced into the engine. 
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FIG. 27A 
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